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Preface 


The meeting “Non-Stable Universe: Energetic Resources, Activity Phenomena and 
Evolutionary Processes ” dedicated to the 70th anniversary of the Byurakan Astrophys- 
ical Observatory (BAO) was held on 19-23 September 2016 in Yerevan and Byurakan, 
Armenia. A number of outstanding astronomers having tight relations to BAO, repre- 
sentatives of regional countries with an involvement of BAO traditional research areas 
related to instability phenomena in the Universe, both observational and theoretical 
were invited. 

The scientific topics of the Symposium were presented by the following 6 sessions: 

• Instability phenomena in the Universe, 

• Active Sun and formation and evolution of the Solar System, 

• Exoplanets and brown dwarfs, 

• Stars, nebulae and interstellar medium, 

• Galaxies, quasars and cosmology, 

• Energetic resources of activity phenomena and evolutionary processes. 

There was a representative SOC of 15 members from 6 countries (see Section Or- 
ganizers). Altogether, 79 astronomers from 17 countries (Armenia, Belarus, China, Es- 
tonia, France, Georgia, Germany, Iran, Ireland, Italy, Portugal, Russia, Spain, Turkey, 
UK, Ukraine, and Uzbekistan) attended the meeting. The scientific program consisted 
of 34 invited and 12 contributed talks and 12 posters. Invited talks by famous scientists 
were given in the fields of stars and nebulae, extragalactic astronomy and theory fol- 
lowed by a number of contributed ones, as well as a number of posters were presented 
and discussed. 

A number of excellent review talks were given on various related topics: Boris 
Shustov (Russia) “Molecules as witnesses and drivers of star formation ”, by Alex 
Lazar i an (USA) “ Turbulent reconnection and particle acceleration” , by Richard De 
Grijs (China) “Variability in the Milky Way: Contact binaries as diagnostic tools”, 
by Arthur Nikogossian (Armenia) “The field of the line radiation in turbulent atmo- 
spheres”, by Massimo Turatto (Italy) “The Late Stages of the Evolution of Massive 
Stars seen by means of Supemovae”, by Habib Khosroshahi (Iran) “Understanding 
galaxy formation using observations of galaxy groups”, by Ivan Andronov (Ukraine) 
“Instabilities in Interacting Binary Stars”, by Haik Harutyunian (Armenia) “Byurakan 
cosmogony concept in the light of modern observational data: Why we need to recall 
it?”, by Jerome Bouvier (France) “The variability of young stellar objects: investi- 
gating the star-disk connection”, by Vardan Adibekyan (Portugal) “ Planet- star- galaxy 
connection ”, by Georges Alecian (France) “ Modelling formation of clouds of heavy el- 
ements in the magnetic atmospheres of hot stars ”, by Victor Afanasiev (Russia) “ Inves- 
tigation ofSub-Pc AGN Polarization Regions ”, by Vladimir Grinin (Russia) “The Non- 
stationary Processes in the Nearest Vicinities of Young Stars”, by Areg Mickaelian (Ar- 
menia) “Search and Studies of Active Galaxies using Multiwavelength Data”, by Oleg 
Maikov (Russia) “Binary systems and the initial mass function ”, by Pantea Davoudifar 
(Iran) “Magnetic Fields at Large Scales ”, by Massimo Della Valle (Italy) “Supernovae 
shed light on Gamma-ray Bursts”, by Konstantin Grankin (Ukraine) “T Tauri Stars in 
Taurus-Auriga SFR: Basic Physical Parameters and Evolutionary Status”, and others. 
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At the end, a general discussion was organized. The Symposium provided a good 
opportunity to further discuss a strategy, based on acquired experience, for planning 
future studies, and to coordinate follow-up observations with the new large ground- 
based and space telescopes, as well as the developments in the field of theoretical as- 
trophysics. 

Our meeting contributed to the following: 

• We gave tribute to BAO with its 70- years achievements, 

• We gave tribute to the founder of BAO Viktor Ambartsumian, whose outstand- 
ing discoveries and theories had significant impact on the 20th century’s astro- 
physics, 

• We reviewed and discussed studies in star formation and stellar evolution, 

• We reviewed and discussed the latest studies in extragalactic astronomy, 

• We reviewed and discussed the theoretical developments and modern theories in 
astrophysics, 

• We discussed the future of astronomical research by joint efforts of astronomers. 

This symposium was rich with social events, including the main touristic attrac- 
tions of Armenia: Welcome Reception, excursions (BAO tour, including Viktor Am- 
bartsumian museum, 2.6m and lm Schmidt telescopes, Garni Temple and Geghard 
Monastery) and the unforgettable Symposium Banquet. 

BAO is famous for its studies related to activity phenomena and evolutionary pro- 
cesses in the Universe. BAO is also famous for its surveys, which also led to the discov- 
ery of many new non-stable objects (variable stars, active galaxies, etc.) to investigate 
the abovementioned phenomena and processes. Markarian Survey and other surveys 
are famous as well: Arakelian and Kazarian galaxies, Shahbazian compact groups, 
Parsamian cometary nebulae, Gyulbudaghian & Magakian nebulae, and other objects. 

A number of important astronomical meetings have been organized in Armenia, 
mostly in Byurakan Astrophysical Observatory (BAO): IAU Symposia: #29 in 1966 
( Non-Stable Phenomena in Galaxies ), #121 in 1986 ( Observational Evidence of Ac- 
tivity in Galaxies ), #137 in 1989 {Flare Stars in Star Clusters, Associations and So- 
lar Vicinity), #194 in 1998 {Activity in Galaxies and Related Phenomena) and #304 
in 2013 {Multiwavelength AGN Surveys and Studies), IAU Colloquium #184 in 2001 
{AGN Surveys), as well as the All-European JENAM meeting in 2007. Moreover, Byu- 
rakan International Summer Schools (BISS) arc being organized since 2006, and five 
successful schools were held in 2006, 2008, 2010 (combined with the 32th IAU ISYA), 
2012, and 2016. 

The Local Organizing Committee (LOC) consisted mainly of young BAO sci- 
entists. We acknowledge all organizations and sponsors supporting the meeting. We 
would like to thank all participants of the meeting and contributors to this volume, 
SOC members for their important work on setting up the program of the meeting, LOC 
members for their efforts to make the Symposium successful. 

Editors: 

Areg Mickaelian, Haik Harutyunian and Elena Nikoghosyan. 


February 2017. 
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Abstract. The main scientific areas elaborated during last seven decades since the 
first days of the Byurakan astrophysical observatory (BAO) foundation are reviewed 
briefly. Although the whole spectrum of research at the BAO used to be much wider 
we have focused attention on the activity phenomena mainly. Indisputable proof of the 
existence of newborn stars, as well as the activity phenomena in the galactic nuclei are 
mentioned as the main scientific attainments of the BAO. Flare stars’ studies can be 
mentioned as one of active research fields. As a separate area of research the radiation 
transfer theory based on the Invariance Principle may be mentioned as well. Some 
essential scientific breakthroughs obtained undoubtedly had also important conceptual 
significance which is not yet estimated at its true worth. 


1. Introduction 

Astronomical knowledge in Armenia exists since ancient times. One can find in moun- 
tains of Armenia a lot of breathtaking petroglyphs of astronomical content. There 
arc several megalithic constructions evidently built with the knowledge of astronomy. 
Many various evidences arc maintained the Armenian language and ancient myths. All 
these evidences show that the astronomical knowledge was common in Ancient Arme- 
nia. However, in the beginning of 20th century no any astronomical institution existed 
here. Only in the beginning of 30s of the last century an astronomical observatory was 
built in the center of Yerevan. That was a rather political than scientific decision since 
no any astronomical community or University education in astronomy existed that time. 

The new era of the public recognition of astronomical knowledge started after 
40s of the last century when Viktor Ambartsumian moved to Armenia and founded 
two very essential astrophysical institutions - the Department of Astrophysics at the 
Yerevan State University in 1945 and the Byurakan Astrophysical Observatory of the 
Armenian Academy of Sciences in 1946. No doubt that the permanent residence in 
Armenia of one of the greatest astronomers of the twentieth century was the key point 
to guarantee the revival of astronomy in Armenia. 


2. Foundation of the Astrophysical Observatory in Byurakan 

The astronomy development in Armenia since the 40s of last century was inseparably 
linked with the name of Viktor Ambartsumian who was the first to establish a depart- 
ment of astrophysics in any of Soviet universities. It was done in his alma mater - the 
Leningrad State University (Sent Petersburg State University at present). He organized 
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and headed the Astrophysics department there in 1934 and had a rich experience in 
the astronomical education. He moved to Armenia during World War II in 1943 when 
the Armenian Academy of sciences was established. Among many famous scientists 
of Armenian origin working in various centers of Soviet Union he became one of its 
founding members. He was 35 when became a founding member of the Academy and 
its first Vice-President. 

It is worth noting that no any serious modern scientific center existed in Arme- 
nia that time. However, Ambartsumian left the famous and progressively developing 
scientific environment of Leningrad where he was occupying the position of the Vice- 
President of the University to move to a space which was, to put it mildly, rather tar 
from science. On the other hand, a scientist of Ambartsum ianSs caliber could not live 
without a scientific environment. Moreover, he could not exist without his own sci- 
entific environment created according his conception of science. So the first thing he 
undertook in this area was closely related to his experience as a scientist and a Professor 
of University. In 1945 by his initiative a department of astrophysics was established at 
the Yerevan State University. That was the second such a department he founded in So- 
viet Union after the first one established in Leningrad. The University department was 
the first step of the much longer way of the modern science establishment in Armenia. 

The next step after the establishment of the University Department was the Gov- 
ernment decision of 1946 concerning the founding a new astrophysical observatory in 
the republic. The observatory site was chosen on the southern slope of the mountain 
Aragats at the altitude of 1400 meter located southward of the village Byurakan. The 
geographical location of the new scientific center predetermined its name U Byurakan 
Astrophysical Observatory. Ambartsumian became the first director and the scientific 
supervisor of the observatory. It is noteworthy that the great majority of the observa- 
tory scientific staff hired at the end of 1940s were AmbartsumianSs students and also 
the scientific topics being elaborated here were suggested by him. Hayk Badalaian, Be- 
niamin Markarian, Ruben Sahakian, Grigor Gurzadyan, Ludwik Mirzoyan, Vagharshak 
Sanamian and Nina Ivanova became the first ones to work with Ambartsumian at the 
BAO. That was the first generation of the BAO scientific staff. 

One might find out that up to now the scientific directions of the observatory 
remained unchanged in general. This is not only because the new generation of as- 
tronomers pay tribute to the founder’s memory. Actually, these directions have been 
resulted from the scientific methodology of research adopted by Ambartsumian. And 
the main feature of the scientific methodology could be formulated as the unconditional 
predominance of observational data in any scientific dispute. Actually, this approach 
was always considered to be the only correct way to find the scientific truth. It was 
and is accepted as a general ideology. Nevertheless, it never could block the attempts 
of sinning against the truth if the predominant paradigm did not agree with the facts in 
details. The important nuance included into this methodology by Ambartsumian, in our 
opinion, was the considerable increase of details as well. Any small contradiction with 
observational facts or breach of the internal self-consistency of the scope of knowledge 
should be considered in detail to show that it does not threaten by mortal danger for the 
existing theories. 
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3. Stellar Associations and Newborn Stars 


Since the very beginning the activity phenomena and dynamically instable objects and 
their systems had been in the focus of attention of the BAO scientific staff'. Undoubtedly, 
the Byurakan astronomers were fortunate to staid with very new and promising area of 
research connected with the star formation phenomena. That time nobody believed 
that star formation was possible at the present era of the Universe evolution. When 
Ambartsumian paid heed to some groups of hot stars nobody could make any prediction 
what a great scientific mystery is hidden there. First was shown that these stars had been 
formed together: the probability that the physical groups could have been formed due 
to accidental approaches and interactions of individual stars is practically equal to zero. 
On the other hand, the mentioned groups were shown to be dynamically instable. It 
appeared that these systems, called stellar associations, could exist no longer than some 
dozen millions of years. Therefore, the fact that they exist and did not yet dissolve in 
the separately existing field stars, shows with an evidence that stellar associations did 
not exceed this age. Taking into account that these stars had been formed together one 
arrives at a conclusion that they are not older than the systems they belong to. 

Stellar associations’ detailed study allowed to make several scientific conclusions 
which were very essential for understanding the process of star formation in our Galaxy. 
First of all, it was shown that star formation in our Galaxy is going on at present time 
and this process is not completed billions of years ago as it was believed before. Star 
formation in our time does mean that this process has permanent behavior, and the 
cosmic object generation property of matter seems to be universal feature for all times. 
Second, it became clear that stars arc being generated by groups and only later on they 
disperse into the Galaxy general stellar field: that was an absolutely new finding never 
suggested or discussed before. It should be added now that it did mean that all the stars 
belonging to a stellar association had been born possessing not only their masses but 
also spins. Third, since stellar associations expand at present, those have been smaller 
in the past: all amount of the matter belonging to the stars was in a much smaller volume 
and therefore its density should have been much higher. One can compare roughly this 
situation with the Universe expansion as whole. Then the final interpretation should 
be something like to one suggested for the Universe. Obviously, a simple backward 
extrapolation of this process leads to the idea that the matter giving birth the stars should 
had been of very high density originally. Ambartsumian suggested then to call this 
hypothetical prestellar state of substance superdense protostellar matter. 

The concept of stellar association was published in the paper “Evolution of Stars 
and Astrophysics” in 1947. However, these new ideas on the star formation had not 
been immediately accepted by the astronomical community. Many years later Chan- 
drasekhar wrote: “/ recall the early scepticism with which this discovery was received 
by the astronomers of the “establishment” when I first gave an account of (Ambart- 
sumyan’s) paper at the colloquium at the Yerkes Obseryatory in late 1950”. 

In 195 1 the first scientific conference took place in Byurakan focused on the results 
obtained owing to studies of stellar associations. That year was only the fifth anniver- 
sary of the Byurakan Observatory. The next scientific conference which was dated to 
the tenth anniversary of the foundation of the Byurakan observatory was devoted to the 
studies of non-stable phenomena in stars. That was the first International conference 
held in Byurakan with participants from western countries. Among the guests were 
J.Greenstein, G.Herbig, G.Haro, P.Kapitsa, B.Kukarkin, E.Schatzman, V.Sobolev etc 
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Today we can establish the fact that two out of three conclusions arc accepted 
all over the world although all the ideas had been rejected at the very beginning. As 
regards the third conclusion concerning the star formation due to the transformation of 
superdense matter into the ordinary baryonic one, the astronomical community did not 
accept it yet. 


4. Active Galactic Nuclei (AGN) 

In early 50s of the last century the next generation of astrophysicists who were gradu- 
ated from the newly founded Astrophysics Department of the Yerevan State University 
joined the staff of BAO. Marat Arakelian, Karlos Grigorian, Arsen Kalloglian, Misha 
Kazarian, Edward Khachikian, Vigen Malumian, Elma Parsamian, Romela Shahbazian, 
Hrant Tovmassian were among the second generation. 

Approximately at the same time a new idea has been suggested by Ambartsum- 
ian concerning the galactic nuclei. Up to 50s and 60s of last century a simple view 
concerning the galactic nuclei has been established asserting that the central paid of 
any galaxy had been serving as the “graveyard” of the given galaxy to store all the old 
or dead matter. Actually, the widespread idea followed from the dominant conception 
on the galaxy formation, considering these systems to be simple results of gravitation- 
ally condensed formation. The new concept proposed by Ambartsumian, figuratively 
speaking, could be considered as the natural continuation of stellar associations for the 
much larger scales of galaxies. 

And again, as he used to do approaching to any new scientific problem, Ambart- 
sumian proceeded from the observational data available in early 60s of XX century. 
First issue was connected with the spatial distribution of galaxies. It differed from the 
stellar distribution qualitatively: galaxies showed higher tendency to appeal - in the phys- 
ical groups and clusters than stars. It was undoubtedly extremely interesting notion to 
make further considerations on the formation scenarios. As was mentioned above the 
stars were shown to form in stellar associations by groups, and the general stellar held 
was therefore taken as the intermediate or final result of stellar groups’ gradual devas- 
tation. 

In the case of the clusters and groups of galaxies the situation is si mi lar. The only 
difference shows up because of the huge scale difference. Undoubtedly galaxies need 
much more time for escaping from their parental systems. Taking into account the ef- 
fect of the cosmologic scale in the world of galaxies, one easily arrives at a conclusion 
that the groups and clusters of galaxies did not have enough time to destroy since their 
formation moment even if it happened at the very beginning of the Hubble time. There- 
fore, the majority of galaxies formed within clusters still remains located at their birth 
place or its vicinity. 

Then, if both of the mentioned formation processes, namely, the star formation and 
galaxy formation processes, take place in groups which eventually dissolve providing 
objects for the corresponding general fields (of stars and galaxies) one should find the 
fingerprints of the main tendency. As one of very essential features should be mentioned 
the scale of the velocity dispersion in the clusters of galaxies. It was known since 30s 
of the last century that this value is rather high for all the clusters studied for this issue. 
One can easily testify and find that the masses of galaxies derived from their luminosity 
are far small to hold back the cluster destroying effect of the inner velocities. That 
was the only primary reason for involving the new idea on the “dark matter”. In other 
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words, the dark matter was invented as a free parameter to keep clusters of galaxies 
steady state and fit the dominant idea of cosmic objects formation. Acceptance of the 
mentioned cosmogonic hypothesis did mean that the objects and their systems should 
be gravitationally bound and therefore possessing of negative (or zero) total energy. 
In other words, the initial hypothesis which was accepted a priori and never has been 
proved observationally closes all the doors for the opposite views. 


5. Galaxies with UV Excess 

Up to 1960 the largest telescopes of the Byurakan observatory were the 21 inch Schmidt 
camera and the Cassegrain telescope of the same size. In 1960 a new telescope - lm 
Schmidt camera (diameter of the mirror 132cm) has been installed at the observatory 
increasing thereby highly the observational possibilities. The telescope was equipped 
with three objective prisms, which allowed to hold mass spectral observations. 

At the suggestion of Ambartsumian Beniamin Markarian began spectral survey of 
the northern sky in order to identify active galaxies possessing of ultraviolet excess in 
their spectra. He was using the new installed one meter Schmidt camera combined with 
an objective prism for this puipose and found with his students about 1500 very active 
galaxies. Evidently, that was and remains the most successful and fruitful observational 
project carried out at the BAO. The UV excess galaxies are known now as Markarian 
galaxies. 

The status of activity phenomena in galaxies had been confirmed. And the first 
IAU Symposium (iau29) held in Byurakan in May, 1966, was entitled “Non-Stable 
Phenomena in Galaxies”. Many famous astrophysicists actively working in the extra- 
galactic astronomy, such as W.Baade, G.Burbidge, E.Burbidge, R.Minkowski, J.Oort, 
M.Schmidt, F.Zwicky, Ya.Zeldovich, et al, participated in that symposium. It is remark- 
able, that after the mentioned first symposium four more IAU symposia and one IAU 
colloquium have been organized in Byurakan. 

The international scientific community studies up to nowadays Markarian galax- 
ies, Shahbazian compact groups of compact galaxies, Arakelian galaxies of high sur- 
face brightness, Parsamian nebulae, Kazarian galaxies with UV excess which all are 
discovered in Byurakan. 


6. Flare Stars 

The next observational project, devoted to the study of flare stars was an essential mile- 
stone for the cosmogonic concepts proposed and developed in the Byurakan Observa- 
tory. For a rather long time flare stars were considered to be some kind of exceptions 
in the wide family of stares which did not obey the common regularities of the stellar 
evolution. Actually, the main reason for such a view was the fact that no any model 
of the stellar structure did predict the flare phenomenon. In 60s there were revealed 
only a small number of flare Hares, and the researchers were not inclined to see them as 
physical laws fingerprints. 

Even more surprising it was when in late 1960s Ambartsumian showed that al- 
most all the stars of Pleiades should have been showing flare activity. He used a very 
simple statistical method for getting this amazing result. An international observational 
campaign began under his supervision. From the BAO Ludwik Mirzoyan and Elma 
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Parsamian with their students made a great work for revealing the evolutionary status 
of flare stars. It was shown later on that all red dwarf' stars go through the 11 arc activity 
stage in the earliest phases of their evolution. That was a remarkable conclusion for 
that time. Later on huge flares were revealed even on the Sun-like stars but four-five 
decades ago it was a really outstanding result. 


7. Radiation Transfer Theory 

In mid 60s one of the old scientific topics loved by Ambartsumian was reborn in Byu- 
rakan. He proposed some of his students to develop methods in the radiation transfer 
theory. Arthur Nikoghossian, Norayr Yengibarian and Mamikon Mnatsakanian were 
among the first ones to start these studies. Their efforts were mainly focused on the 
further development and application of the Principle of Invariance. This powerful ap- 
proach was applied for solution of many rather complicated problems which have con- 
sidered various generalizing assumptions concerning the scattering media and the ele- 
mentary act of light scattering. For example, the arbitrary geometries of the scattering 
medium, arbitrary distribution of primary energy sources, general laws of radiation re- 
distribution, and other assumptions have been analytically described and numerically 
modeled. In 198 1 the Conference "Invariance Principle and its Applications” took place 
in Byurakan in which S. Chandrasekhar. V.Sobolev, P.Zweifel and other famous special- 
ists of this specific field have participated. 


8. CETI 

It is worth mentioning that the BAO being founded for astrophysical investigations was 
an initiator of some other scientific activities. A few people can recall that the first con- 
ferences on the problems of extraterrestrial civilizations have been organized in Byu- 
rakan. There were two conferences held in Byurakan on this subject. The first one was 
organized in 1954 with participants only from the Soviet Union. The second one held 
in 1971 actually was the first international (USSR-USA and invited guests from some 
other countries) symposium on the problems of Extraterrestrial Civilizations and Com- 
munication with Them. Many prominent scientists, including astronomers, physicists, 
chemists, biologists, philosophers, and specialists of other related fields participated in 
the symposium. 


9, “Dark Ages” and Rebirth of the BAO 

At the end of 80s of the last century because of the huge earthquake in the northern 
Armenia and heavy economic troubles, followed to the collapse of the Soviet Union, 
the war - for the independence of Karabagh the situation changed drastically and all the 
Armenian research institutions suddenly found themselves on the edge of deep distress. 
It was much difficult for the scientific centers located out of the capital of the republic 
possessing their own infrastructure. Byurakan observatory was among them and suf- 
fered a lot because of the lack of funding. Moreover, due to lack of electricity could 
not operate telescopes and other equipment. The modernization of the lm Schmidt 
telescope just started at that time was suspended, and the telescope was frozen for an 
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indefinite period. There was no opportunity to observe with the largest in the BAO 
2.6m telescope as well. 

Nevertheless, in 1995 in Byurakan took place the first international conference in 
independent Armenia. That was Armenian-French colloquium in Astrophysics. 

Moreover, the French astronomers supported highly in resumption of observations 
with the telescope ZTA 2.6. The next great support BAO got from the Russian Special 
Astrophysical Observatory (SAO). The instrument SCORPIO provided by Russian as- 
tronomers for temporary use operates at the main focus of ZTA 2.6 up to now. Help 
provided by the French and Russian astronomers have made it possible to continue 
observations and survive in the "Dark ages”. 

In 2012 the Presidium of Armenian National Academy of sciences appealed to the 
Government of the Republic to grant the BAO a status of National heritage and since the 
beginning of 2013 the observatory hears this status.Fortunately the status gave also new 
financial possibilities for renovation activities. Owing to this very timely decision the 
observatory got the opportunity to fully upgrade its two largest telescope - lm Schmidt 
camera and 2.6m telescope and put them into the normal operation. 


10. New Horizons 

After 70 years of its birth the Byurakan observatory has an exceptional possibility to 
continue its own way in the science. The study of stellar associations about 70 years 
ago revealed for its staff a perspective research field and a well-grounded base to esti- 
mate the ages of stars. That was really an essential milestone in the history of stellar 
cosmogony to arrive at a conclusion on the existence of newborn stars. 

Now from the distance of seven decades it is worthy to mention its significance 
for the world outlook in general. Undoubtedly the discovery of newborn stars changed 
drastically our concept on the stellar cosmogony. However, this discovery had also an 
impact upon the wider understanding of philosophy. It showed that the present period of 
time does not differ from other periods, at least, as regards the process of star formation. 

On the other hand, up to nowadays no any si mi lar conclusion has been done for 
galaxies. Are there newborn galaxies? The question remains open for the unambiguous 
answers. Researchers or at least their great majority agrees that new galaxies forma- 
tion goes on at present due to the merging of two or more galaxies. Actually this is 
not anything else than the modernized version of the Kant-Laplace hypothesis slightly 
transformed for galaxies. By the way, it is easy to understand that the traditionally 
applied models of chemical elements formation based on the nuclear fusion effects is 
a link of the same chain arguing in favor of bottom-to-top scenarios describing the 
formation processes owing to merging, condensation, synthesis, etc. 

According to AmbartsumianSs concept of 60s of the last century the AGN could 
eject enough matter to form a new galaxy. This concept finally has been rejected be- 
cause the laws of physics do not allow existence of high mass bunches of super-dense 
matter. However, what is the super-dense matter? At that time, it was, very simply said, 
a ball of neutrons which are packed in the space in a manner to fill completely all the 
volume making neutron ball incompressible. But this type of matter packing, strictly 
speaking, has hypothetical origin and was introduced arbitrarily - ad arbitrium. Actu- 
ally there is no any theoretical or empirical basis pointing that it is the only scenario for 
the self-gravitating matter to form super-dense baryonic configurations. 
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Common building bricks of the world we know, are atomic nuclei which possess 
some unique physical property which is intrinsic (as far as is known) only for the el- 
ementary particles and their combinations. It is very strange that this feature is never 
been taken into account when various gravitational configurations arc modelled. The 
empirical fact that baryons in various atomic nuclei can have different masses due to 
variety of binding energy (mass-defect) allows hypothesizing absolutely different sce- 
nario. Taking into account that all the empirically studied baryonic objects consist 
of atoms (or their ions and electrons) one can suggest not very implausible scenario 
according which the nuclear binding energy decreases gradually making atoms more 
massive and more active in sense of nuclear decay. Such a scenario (to be described 
in more detail in a separate paper) allows one to arrive at a conclusion that in the early 
stages of the Universe evolution (and in the central parts of massive objects) could have 
been existed atomic nuclei consisted of huge numbers of nucleons possessing of very 
low mass because of unimaginably vast mass-defect. 

What does mean the conclusion above for the concept on the new galaxies con- 
tinuous formation and for the evolutionary scenarios in general? First of all, we would 
like to apply for solving the paradox of the Universe expansion. It is not discussed 
widely but the paradox arises immediately when we accept that all the matter of our 
Universe had been generated in a small volume due to the single event called big bang. 
It is not difficult to show then that for a rather long time all the mass of the Universe 
had been concentrated in a space volume with a radius considerably smaller than the 
Schwarzschild radius. According to modern physics there is no way to have the today 
Universe as a result of that very dense baby universe expansion. In big bang scenario 
the baby universe could be only stillborn and therefore it could not grow up. However, 
if one takes into consideration the possible change of the nuclear binding energy and 
mass of nucleons in the huge atomic nuclei existed at the very beginning, one finds how 
could the baby universe born alive and go into evolution. 

Actually, the concept on the birth of the Universe changes drastically. In the frame- 
work of such a conception one can speak only about the different phases of expansion 
when the matter changes gradually its density and, as a consequence, its physical prop- 
erties. One might arrive at a conclusion that deeper we go into the past in time, higher 
is the average nuclear binding energy for any given atomic nucleus, and less massive 
are nucleons in the atomic nuclei. Moreover, this can mean that in the past there could 
exist also atomic nuclei with much higher atomic number which do not exist at present 
because gradually has been decreased their safety agent called nuclear binding energy. 
In any case, one can conclude that in the past the mass of our Universe was much less. 
As a result of the self-consistency between the space and the mass-energy one can also 
postulate that in any volume of our Universe cannot be accumulated a mass sufficient 
for the black hole formation. When a huge mass is gathered, the matter, likely, be- 
gins its self-adjustment process which does mean that in the densest parts somehow 
increases nuclear binding energy, the number of nucleons in the nuclei and the nuclear 
binding energy increase, and the mass goes down. 

So, the question on the newborn galaxies still remains open. But the ideas above 
could be useful for solving this problem. The philosophical generalization made as a 
result of the discovery of newborn stars that all the objects can be formed at any stage 
of the Universe evolution, most probably, can be applied also for this case. And this 
issue can be one of the prestigious areas where the activity of the Byurakan observatory 
could be acknowledged highly. 
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11. Some Concluding Remarks 

Viktor Ambartsumian used to say that the Nature is organized much clever than the hu- 
man beings arc. This statement makes much sense of course. Human beings, actually, 
tty to understand the invisible mechanisms regulating all the processes in the Universe, 
using only the paid of their external manifestations. It resembles a jigsaw puzzle. Any 
new step of studies can bring the researcher closer to the solution of a particular prob- 
lem or, on the contrary, it can take off him in a wrong way. It depends on many factors, 
but the initial propensity, belonging to a certain school of thought play an important 
role if the facts can be interpreted in different ways. The inertia of thinking is very 
difficult to overcome. 

In any case we learn making a lot mistakes, often misunderstanding what is shown 
by the Nature. Therefore the Ptolemaic geocentric system of the world existed about 
one and half thousand years although the heliocentric system was suggested much ear- 
lier by Aristarchus of Samos. The critical analysis of observational data dealing with 
the problem under consideration shows many similarities with the mentioned ancient 
theory. One of the features of an incorrectly built theory is the continuous need of its 
modernization involving new free parameters like epicycles used for modification of 
the Ptolemaic system. And the second inherent feature of wrongly constructed theories 
is the appearance of insuperable paradoxes. One can find both features in the modern 
concepts of cosmic objects formation. 

Returning again to Ambartsumian’s statement concerning the Nature, one might 
say, that it is because the Nature dictates the game directive. And the human beings are 
only a part of this big game. Nevertheless, the history of science shows that sooner or 
later the scientific truth becomes evident. 
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Abstract. The progress in understanding the role of molecules in star formation 
is discussed. After very brief introduction which we note in that no star formation 
would be possible without molecules at the dawn of the Universe and that molecules 
are important drivers and witnesses of star formation in the current epoch, we con- 
sider observational technologies and emphasize the prospective role of UV observa- 
tions. Special attention is paid to possibilities of UV spectroscopy with coming space 
observatory Spektr-UF (World Space Observatory - Ultraviolet; WSO-UV). Only one 
example (observations of CO-dark clouds) from vast scientific program of the WSO- 
UV is mentioned. Also very briefly disclosed is a model approach to study complex 
evolution of very young (prestellar) object focusing on chemical (molecular) evolution. 


1. Introduction 

We live in the molecular world. This fact is known for centuries. It leads to an as- 
tounding variety of forms of matter that surrounds us and which we are composed 
of. However a century ago it was commonly believed that no molecules could survive 
in space since interstellar UV radiation would quickly destroy them. After detecting 
CH, CN, CH+ (absoiption lines in visual domain) by Swings & Rosenfeld (17) it 
was a mini ’dark age’ in discovery of molecules in space. It turned out that only few 
molecules (those listed above) could emit (absorb) in visual domain under cosmic con- 
ditions. Quick development of radio astronomy and IR observational techniques has 
brought great progress in detecting new and new molecules. This continues till now. 
At the moment the discovery rate is about 6-8 new molecular species per year and the 
total number of known molecular species is about 200 (see for the current statistics 
http : / / www.astro.uni - koeln.de / cdms /molecules). We do not mention more that 
four hundreds of molecular isomers. 

In recent years a lot of very interesting findings was announced. The first time 
sugar (glycolaldehyde - C2H402) has been found (with ALMA) in space around a 
young binary star, with similar mass to the Sun, called IRAS 16293-2422. Jorgensen et 
al. (6). A lot of strange (not existing on the Earth) molecules were discovered in space. 
E.g. Pety et al. (12) at IRAM have discovered C3H+. Another example - argonium 
(36ArH+) first synthesized in lab (80-ties) in 2013 was found in space Barlow et al. (1). 
Possibly it is an indicator of region with very high density of cosmic rays. Fullerens 
were first obtained in lab. Recently they were identified the diffuse interstellar bands 
at 963.2 nm and 957.7nm as arising from C60+ in the interstellar medium Campbell 
et al. (4). The first detection of a of both chiral form of molecule of propylene oxide 
CH3CHOCH2 in interstellar space was an important argument that chirality is a com- 
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mon property of cosmic molecules (not biased by life). It was detected in the frame of 
Prebiotic Interstellar Molecular Survey Program primarily with the NSF’s Green Bank 
Telescope near the center of our Galaxy in Sagittarius (Sgr) B2 (Carroll et al. (5)). 
Some of these findings arc of great importance for the progress of our undestanding of 
origin a nd evolution of life. 

But molecules should be considered as drivers of star formation in the sense that 
would be no molecules we would have no stars at all. Origin (of stars and galaxies) 
was and remains a major attractor of astronomers. First theories of star (and planetary 
system) formation are more than 350 years old. Observations have confirmed that stars 
do form nowadays only 70 years ago. This outstanding discovery was made by acad. 
V. Ambartsumian in 1947 on the base of optical observations. Since that star formation 
(SF) remains a key problem of astrophysics for many decades. It was understood that 
the presence of molecules to a large extent determines the picture of the formation 
of stars and planetary systems, i.e. the physical properties of objects preceding the 
stars: dense starless cores of molecular clouds, protostars, protoplanetary disks. This 
is true in spite of the fact that mass of molecular gas in our Galaxy is about 2 x 10 9 
Mo (~ 1% of mass of Galaxy only). Also, it is observation of emission (absorption) 
lines in molecular spectra (supplemented by infrared observations of dust) that shapes 
a phenomenological picture of star formation. 


2, First Stars 

Astrophysical (i.e. stellar) era in the evolution of the Universe was launched by molecules. 
The formation of the first stars and galaxies can be described in brief in the following 
scenario. 

Main structuring factor was growth of density perturbation of dark matter and 
formation of first dark matter halos. These were relatively small gravitationally bound 
structures of mass higher than 10 4 Mo — 1 0 6 MO. The baryons that were gravitationally 
subordinated have been accumulated at the bottom of potential well of dark matter halo. 
The baryonic matter (gas) contained H, D, He and some very small amount of Li (and 
Be) only. Unlike the dark matter the baryonic matter is (could be) dissipative . It could 
radiate internal energy that leads to loss of the energy from the system and to contraction 
of gas. In simpler words baryonic matter could collapse and form stars (Population III 
stars) if sufficiently efficient mechanism of loss of energy will be provided. 

A number of studies have been performed in the last three decades (stalling with 
Palla et al. (11)) resulted in distinct statement - radiative cooling of the primordial 
gas, enabling contraction and accretion to stars, requires the presence of small amounts 
of molecules, H2 or HD. No other cooling mechanism is sufficient enough to ensure 
formation of the First Stars. Yoshida et al. (20) considered the reaction network of 
24 reactions for hydrogen and helium (e~, H, H + , He, He + , He ++ , H2) and concluded 
that the primary hydrogen-helium gas can be cooled only by radiation of H2 molecules 
via vibrationally and rotationally excited states. These molecules may be formed in a 
three-body reaction at high gas density (/;I I >~ 10 8 cm 3 ) 

H + H + H > H2+ H 

H + H+ H2 > H2 + H2 

At a lower density ’work’ reactions 

H + e~ > H~+y 

H _ + H > H2 + e _ 
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The first stars were most likely massive and luminous and that their formation 
fundamentally changed the universe and its subsequent evolution. These earliest stars 
produced and dispersed the first heavy elements and ’normal’ stars began to form. First 
stars made possible the get the universe that we observe today. 


3. Observations of molecules in star forming regions 

In the previous section we considered just theoretical models. But major way to study 
star formation in the Universe is observation of molecules. Now we are not limited 
by optical window into the Universe and we know that stars have been formed and 
arc forming in dense cool cores of interstellar clouds consisting of various molecules 
(predominantly H2) and dust. Moreover now we know that molecules play a critical 
role in the formation of stars. Most of information on the process of formation of a star 
we get from spectroscopic observations in various domains of electromagnetic spectra. 

• Radio (cm, mm, submm) — absorption and emission in molecular bands, cold 
dust emission in molecular clouds, cores, protostars, disks and shells around 
young stars 

• Infrared (NIR and FIR) — emission of dust and some molecules, IR spectra of 
stars. Most relevant object arc cores of molecular clouds, globules, disks around 
young stars 

• Ultraviolet (Lyman limit to 400 nm) — young stars, ISM, outer regions of molec- 
ular clouds 

As it was noted by Snow (15) that despite the richness of infrared and mm-wave 
radio observations of interstellar molecules, there arc species that arc best observed 
through their electronic transitions in the UV. These include the most abundant inter- 
stellar molecule of all, H2, as well as its isotope HD. In addition the second most 
abundant molecule in space, CO, can be observed in ditfuse clouds through its UV 
electronic transitions, while IR and radio methods are superior for denser clouds. Many 
other species have electronic transitions in the UV, including both OH and H20 as well 
as various large organic species suspected of being common in the ditfuse ISM. 

Snow (15) considered the future prospects for improved UV observations of 
molecules as very dim at that time. Fortunately the work of HST was prolonged by 
NASA and many new valuable results were obtained. But the in-orbit lifetime of HST 
itself is expected to last until 2018 and the need for a large-scale UV space observatory 
is currently critical again. A number of suggested very ambitious UV projects described 
in Boyarchuk et al. (3) are very interesting, but the current reality is that large-scale 
UV space observatories will be realized no earlier than the end of the 2020s. The time 
required for planning and constructing an observatory such as the HST or a larger scale 
observatory is quite long, no less than 15-20 years, and all the proposed large-scale 
projects are still in early stages of their development. 

For the first time in nearly a half century, astronomers will face the problem of 
access to UV observations. In the period up to the end of the 2020s, the most promising 
access to the ’ultraviolet window’ is provided by the Spektr-UF project, leading to con- 
siderable interest in this project from the international astronomical community. This 
began as a project in the ’ Spektr’ series of space observations, designed for observations 



18 


Shustov 


in the radio (Spektr-R), UV (Spektr-UF), and X-ray (Spektr-RG). At the suggestion 
of the broad international collaboration, the project also obtained another name: World 
Space Observatory - Ultraviolet (WSO-UV). This collaboration was ended for finan- 
cial reasons, and the project is now being realized in Russia with the participation of 
Spain. The project is included in the Federal Space Program (FSP) of Russia for the 
period 2016-2025 under both names: Spektr-UF and WSO-UV. 

The WSO-UV project (Shustov et al. (16)) will provide access to the UV part 
of the spectrum, unavailable for observations from the Earth’s surface (115-320 nm). 
The main instrument of the observatory is the telescope with a primary mirror of 1 .7 m 
diameter, equipped with high and low resolution spectrographs, as well as cameras for 
high quality imaging in the UV range. This set of scientific equipment is designed for 
solving a wide range of observational problems. In terms of capabilities, the project is 
similar to the Hubble Space Telescope and exceeds it in some parameters. The launch is 
planned for 2021. It is important to note that approximately in 2018 the HST will cease 
its functioning, and neither NASA nor ESA have plans of launching large instruments 
operating in the UV range until 2030. Therefore, the WSO-UV will be the only serious 
option for the Russian and international astronomical community to have access to this 
spectral range. The main scientific tasks of the WSO-UV observatory arc spectroscopy 
of faint sources and UV imaging. It is necessary to achieve high spectral resolution and 
maximum spatial resolution, as well as high penetrability, in the case of faint sources. 
The parameters of the T-170M telescope (large primary mirror of 170 cm diameter, 
special coatings improving reflection in the UV range, high-accuracy guidance and sta- 
bilization system, etc.) were chosen based on the need for maximum angular resolution 
and maximum effective area in the 110-320 nm range to ensure high-resolution spec- 
troscopy and high-quality imaging. Let us recall that the effective area depends on the 
wavelength and is defined as a product of geometrical area of the collective surface and 
the transmittance factor of the optical path at the given wavelength. 

An unique scientific instrumentation will fit the above requirements. The instru- 
ments are designed for: 

• high-resolution (resolving power R > 50000) spectral observations of point ob- 
jects in the 1 10-320 nm range; 

• low-resolution ( R = 1000) spectral observations with a high slit. The spectro- 
graph (channel) with a high slit will also operate in the 1 10-320 nm range. It is 
intended for observation of the most extended and distant objects in the Universe; 

• direct imaging with a high spatial resolution (0. 1") in the near-UV (180-320 nm) 
and far-UV (1 10-180 nm) range in a field of view of several arcminutes. 

The set of spectrographs (abbreviated as WUVS, WSO-UV Spectrographs) of the 
WSO-UV project consists of three independent spectrographs (channels) mounted in 
one case: two high-resolution echelle spectrographs — a vacuum ultraviolet echelle 
spectrograph (VUVES) for the 115-176 nm range and an ultraviolet echelle spectro- 
graph (UVES) for the 174-310 nm spectral range as well as a long-slit spectrograph 
(LSS) for obtaining low resolution spectra of point-like and extended objects at 1 15— 
305 nm wavelengths. 

The WSO-UV will operate as a multipurpose space observatory for the following 
programs: a core program, national programs of participating countries, and an open 
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program for the whole international astronomical community (Gomez de Castro et al. 
(7); Maikov et al. (10)). In Fig.l the efficiency of spectrographs is illustrated in terms 
of elfective area. 



Figure 1. Effective area of the spectrographs of the WSO-UV project compared 
to the parameters of COS and STIS spectrographs on the Hubble Space Telescope. 


Boyarchuk et al. (3) presented a list of most topical astrophysical problems which 
UV observation with WSO-UV will provide promising (or unique) possibility of so- 
lution for. Below we discussed in some details only one from them. The problem 
relates to the conditions of very begin of star formation - to the physical and chemical 
properties of CO+F12 clouds. 

WSO-UV could provide decisive estimating the total mass of atomic and molec- 
ular gas in the Galaxy. Numerous data on the existence of so-called CO dark gas have 
appeared recently (see, e.g., Pineda et al. (13)). The possibility that a substantial frac- 
tion (up to 70% by mass) of CO could be dark, i.e., unobservable in rotational lines of 
CO, was first expressed in Shchekinov (14). This possibility is related to the fact that 
the transformation of atomic to molecular hydrogen in compressed gas begins appre- 
ciably earlier than the binding of C and O into CO molecules, due to self-screening. 
Therefore, surveys in F12 Lyman absorption lines will be of fundamental importance 
not only for estimates of the masses of molecular hydrogen that is invisible in CO lines, 
but also for studies of the vicinities of the nearest molecular clouds, and constructing 
spatial profiles of the H2 distribution, investigating the relationship between the number 
densities of H2 and CO in transitional regions, etc. This will lead to a better understand- 
ing of the kinetics of massive molecule formation in the interstellar gas, and enable the 
identification of factors determining the dependence of the coefficient X(CO) for con- 
verting emission in CO lines into an F12 number density on the physical conditions and 
phase state of the gas. Recent observational evidence has suggested that star formation 
is more tightly correlated with the presence of molecular hydrogen (H2), rather than 
neutral atomic (HI) hydrogen (see e. g. Thompson et al. (19). Thus the problem of 
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measuring real content of H2 turned to be important either for construction of adequate 
cosmological models and galactic star formation. 

4. Models for diagnosing evolutionary stages of a protostellar object using obser- 
vations of molecules 

In spite of great amount of observation data of numerous molecular species the reveal- 
ing nature of objects on the very early stages of star formation turned to be not an easy 
task, since solving a typical astronomical inverse problem of determining the properties 
of an astronomical object from observations (spectrum) can result not in unique solu- 
tion. As wrote W. Heisenberg in Physics and Philosophy: The Revolution in Modem 
Science (New York: Harper and Row, 1958) We have to remember that what we observe 
is not nature in itself, but nature exposed to our method of questioning. 

To solve such a task one needs for some additional information. It seems to be 
reasonable use evolutionary chemo-dynamical models of star formation as such an ad- 
ditional information. A complete theory of the earliest stages of star formation can be 
developed only on the basis of self-consistent, coupled, magneto-hydro-dynamical and 
chemical models for the evolution of protostellar clouds (including the effect of the ex- 
ternal radiation field). This allows us to understand the nature of object under study, 
i.e. estimate distributions of gas density, temperature, velocity, the abundances of in- 
dividual chemical components, and the evolutionary status of the object. Evolutionary 
modelling is very powerful instrument for study of star formation. In Fig. 2 a general 
structure of such a model is presented. We briefly touch only on chemical part of this 
model. 


1 . 

2 . 


Observations 

spectroscopy and imaging 
of gas and dust radiation 
study of young objects and 
star forming regions 


Models 

1 . molecular line transfer 
models 

2. chemo-dynamical 
evolutionary 


Laboratory 

measuring rates of chemical reaction of interest 

1 . gas-phase and solid state laboratory 

2. quantum chemical simulations 


Figure 2. Major elements of model of interpreting and describing early phases of 
star formation. 

It is generally believed that different evolutionary stages of protostellar objects are 
associated with different molecular tracers. For example, the main molecules that are 
observed in the prestellar stage are CO, HCO+, CS (the envelope), N2H+, N2D+, NH3, 
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H2D+, D2H+ (the core). In this stage, the chemical composition is determined by the 
freezing-out of most molecules onto dust particles (Bergin & Langer. (2). 

Class 0 protostellar objects are identified by the presence of spectral lines of 
N2H+, NH3 (envelopes), H20, SiO, CH30H, SO (outflows), and complex organic 
compounds (hot cores). In this case, the molecular composition is explained by the 
evaporation of dust mantles accompanied by the ejection of complex molecules that 
have been synthesized on dust grains into the gas phase. 

Astrochemical modeling is becoming a standard approach to explaining spectral 
observations of both individual protostellar objects and entire star-forming regions. 
However, uncertainties in the external and internal parameters of a chemical model 
can hinder the ability to draw of reliable conclusions. One important criterion for a 
model to be adequate is its ability to simultaneously describe the evolution of an appre- 
ciable number of molecules - both simple molecules consisting of two or three atoms 
and more complex ones, with high or low abundances. At first glance density and 
temperature dependent chemistry of molecules is so complex (five thousands chemical 
reactions of six hundreds chemical species, that slightly changing the initial parameters 
we will have everything. It turns to be not true. 

The extent to which the physical conditions (variations of the distributions of tem- 
perature and density) in protostellar objects affect the chemical evolution in the process 
of star formation was studied recently by Kochina & Wiebe (9). A set of models with 
various complexity describing the chemical evolution of protostellar objects was calcu- 
lated. The results of this study lead us to conclude that increasing the complexity of the 
models does not contribute significantly to quantitative changes in the derived abun- 
dances in the dense envelope around the protostar. Relatively soon after the onset of the 
evolution, an equilibrium chemical composition is established in the cloud, and this is 
not sensitive to the complexity of the models. The absence of sensitivity of the model 
to the complication of the physical parameters does not extend to the complication of 
the chemical parameters. On the contrary, Kochina & Wiebe. (8) have demonstrated 
that the introduction of an additional dust component leads to significant changes in the 
evolution. Thus, the sensitivity of the model is determined to a much greater extent by 
refinement of the chemical parameters than by refinement of the physical ones. 

However, in spite of the fact that the same abundances of molecules arc obtained 
in models with different complexity, it is possible in principle to determine the physical 
conditions in the cloud based on observations of spectral lines. There exist species 
whose line intensities are particularly sensitive to the excitation conditions, even in a 
cold cloud. Such species can serve as indicators of the processes taking place in a cloud. 
One such indicator is methanol (Kochina & Wiebe (9)). Observations of methanol arc 
particularly important for diagnostics of the conditions in star-forming regions. 
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Abstract. We used the 50 cm Binocular Network (50BiN) telescope at Delingha 
Station (Qinghai Province) of Purple Mountain Observatory (Chinese Academy of Sci- 
ences) to obtain simultaneous V- and /Cband observations of the old open cluster NGC 
188. Our aim was a search for populations of variable stars. We derived light-curve 
solutions for six W Ursae Majoris (W UMa) eclipsing-binary systems and estimated 
their orbital parameters. The resulting distance to the W UMas is independent of the 
physical characteristics of the host cluster. We next determined the current best period- 
luminosity relations for contact binaries (CBs; scatter cr < 0.10 mag). We conclude 
that CBs can be used as distance tracers with better than 5% uncertainty. We apply our 
new relations to the 102 CBs in the Large Magellanic Cloud, which yields a distance 
modulus of (m - M)y , o = 18.41 ± 0.20 mag. 


1. Contact binary systems 

Contact binaries (CBs) are binary systems where both stellar components overfill and 
transfer material through their Roche lobes. They are rather common among the Milky 
Way’s field stellar population. In the solar neighborhood and the Galactic bulge, their 
population density is approximately 0.2%. In the Galactic disk it is somewhat lower, on 
average, ~0.1% (37). CBs can be classified as early- and late-type systems; late-type 
CBs are also known as W Ursae Majoris (W UMa) systems. Observational evidence 
suggests that both binary components have very similar temperatures although their 
masses differ, a conundrum known as Kuiper's paradox (33). As a solution to this para- 
dox, Lucy (34) proposed convective common-envelope evolution as the key underlying 
physical scenario of CB theory. Our modern view is that CBs have most likely been 
formed through loss of angular momentum (38; 39). 

1.1. W Ursae Majoris systems 

The late-type, low-mass W UMa variables are, in essence, ‘overcontact’ binary systems. 
Both of their binary components usually rotate rapidly, characterized by periods in the 


23 



24 


de Grijs et al. 


range from P = 0.2 days to P - 1.0 day. One can indeed easily obtain complete, high- 
quality W UMa light curves in just a few nights of observing time on relatively small 
telescopes. In this contribution, we present such observations of the six W UMa binary 
systems that reside in the old open cluster (OC) NGC 188. 

As highlighted above, W UMa systems arc common in both OCs and the Galactic 
held. This implies that they have great potential as potential distance indicators. Indeed, 
approximately 0. 1% of the F-K-type Galactic held dwarfs arc late-type CBs (27), while 
in OCs their frequency may as high as ~ 0.4% (35). If we could establish a reliable 
(orbital) period-luminosity relation (PLR) for such W UMa systems, they might po- 
tentially be employed to adopt a similarly important role as the often used Cepheids 
or RR Lyrae variables in the context of measuring the distances to old structures in 
the Milky Way. We note that while distances to individual W UMa systems cannot 
be derived to the same level of accuracy as those resulting from Cepheid analysis, the 
high CB frequency in old stellar populations could potentially allow us to overcome 
this disadvantage. 

1.2, NGC 188 

NGC 1 88 is located at a distance of ~ 2 kpc. It contains a signihcant number of late-type 
CBs. Of these, seven W UMas near the cluster’s center were first found by Hoffmeister 
(30) and Kaluzny & Shara (31). Subsequently, Zhang et al. (40, 41) surveyed approxi- 
mately 1 deg 2 around the center, yielding a CB haul of 16 W UMa systems. Branly et 
al. (21) then used the Wilson-Devinney code to calculate light-curve solutions for five 
of the central W UMas and offered a discussion of the average W UMa distance com- 
pared with that to the cluster as a whole. Liu et al. (32) and Zhu et al. (42) published 
orbital solutions for EQ Cep, ER Cep, and V37 1 Cep, and for EP Cep, ES Cep, and 
V369 Cep, respectively. 

We observed NGC 188 over a continuous period of more than 2 months using 
the 50 cm Binocular Network telescope (50BiN; 25) at the Delingha Station (Qinghai 
Province, China) of Purple Mountain Observatory (Chinese Academy of Sciences). We 
obtained simultaneous time-series light-curve observations based on an unprecedented 
number of 2700 frames, representing an effective observing time of 44 hr. Details of 
the observations arc included in Chen et al. (22). The telescope’s held of view, 20 x 20 
arcmin 2 , is adequate to cover the cluster’s central region. 

To only select genuine cluster members, we performed detailed radial- velocity and 
proper-motion analyses (22). We eventually concluded that of our total sample of 914 
stars, 532 stars are probable cluster members. The latter delineate an obvious cluster 
sequence in the color-magnitude diagram down to V = 18 mag. We used the Dart- 
mouth stellar evolutionary isochrones (26) to ascertain the nature of the cluster mem- 
bers, adopting an age of 6 Gyr and solar metallicity. We derived a distance modulus 
( m - M)y = 1 1.35 ± 0.10 mag and a reddening of E{V - R) - 0.062 ± 0.002 mag. 
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1.3. Distance determination 

Rucinski (37) published a simple My = MyilogP) calibration, i.e. My = (-1.5 ±0.8)- 
(12.0 ± 2.0) log P,cr = 0.29 mag, based on his observations of 21 W UMa systems with 
good Hipparcos parallaxes and All Sky Automated Survey (AS AS) V -band photometry 
(maximum magnitudes). In Chen et al. (22), we established the equivalent relationship 
using our own (50BiN) V-band data, combined with the independently determined OC 
distance and the cluster’s average extinction. 

We obtained accurate light-curve solutions for six W UMas of the NGC 188 vari- 
ables. We used these to estimate the CBs’ physical parameters, including their mass 
ratios and the components’ relative radii. We subsequently estimated the distance mod- 
ulus to the W UMa systems as a whole, independently of the cluster distance. W UMas 
can be used to derive distance moduli with an accuracy of often significantly better than 
0.2 mag. For this aspect of our distance-modulus analysis, we excluded ER Cep given 
its low cluster-membership probability; in addition, we suspect its nature as an eclips- 
ing binary-type system. For the remaining five W UMas — specifically, EP Cep, EQ 
Cep, ES Cep, V369 Cep, and V370 Cep — we obtained a combined distance modulus 
of (m - M)y = 1 1.317 ± 0.1 19 mag. This value is indeed comparable to the result from 
our isochrone fits, ( m-M)® = 1 1.35 ±0.10 mag, and also with previous results from the 
literature. The accuracy resulting from our new analysis is much better than that from 
application of the previously well-established empirical parametric approximation. 

To carefully check our results for the cluster as a whole and the specific applicabil- 
ity of W UMas as distance tracer, we applied it to the OC Berkeley 39. Based on four of 
the latter cluster’s W UMas, we derived a distance modulus of (m - M)y = 13.09 ± 0.23 
mag. This is also in accordance with literature results. Thus, W UMas as potential 
distance tracers have indeed significant advantages for the most poorly studied clusters. 
Based on our initial analysis, we found that five of our NGC 188 W UMa systems obey 
the overall W UMa PLR. Armed with the latter, we were hopeful that W UMas could 
indeed play an important role in measuring distances and to map Galactic structures on 
more ambitious scales than done to date. 


2. Period-luminosity relations 

Although CBs arc of order seven magnitudes fainter than the often used Cepheid vari- 
ables, within the same distance range their number is three orders of magnitude larger. 
Cepheids trace young (< 20 Myr-old) features; CBs arc instead found in 0.5-10 Gyr- 
old stellar populations. Although RR Lyrae stars arc also members of structures older 
than 1-2 Gyr, very few of the latter variables have been found in either open clusters 
(OCs) or the solar - neighborhood. 

Since Eggen (28)’s seminal work, these considerations and observations have trig- 
gered a number of attempts at using CB period-luminosity-color (PLC) relations to 
determine distances to such old structures. Rucinski & Duerbeck (36) employed obser- 
vations of 40 W UMa-type CBs characterized by Hipparcos parallaxes with an accuracy 
in the corresponding distance moduli of cm < 0.5 mag to improve their PLC relation. 
Subsequently, Rucinski (37) derived a luminosity function composed of CBs sourced 
from the ASAS data. He then explored the viability of a V-band PLR. However, his 
‘PLR’ exhibited only a weak correlation and was affected by large uncertainties and 
significant scatter. 
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Figure 1. Our new JHK S CB PLRs (magnitudes as a function of period, in days), 
adapted from Chen et al. (23). 


We collected CBs in OCs and CBs with accurate Hipparcos parallaxes (23), aim- 
ing at establishing more reliable PLRs. Our full sample contains 6090 CBs from the 
General Catalog of Variable Stars and the ASAS. Our corresponding OC sample con- 
tains 2167 OCs. We made a special effort to exclude foreground and background CBs, 
requiring that (i) any suitable CB must be located inside the core radius of its host OC; 
(ii) the CB's proper motion must be located within the 2 cr distribution of that of its host 
OC; and (iii) the CB's age must be similar to that of its host OC, i.e. Alog(f yG 1 ) < 0.3. 
Our final sample selection consisted of 42 high-probability OC CBs. Combined with 
four nearby moving-group CBs and 20 W UMa-type CBs with accurate Hipparcos par- 
allaxes, we hence used a sample of 66 CBs to determine the JHK S PLRs, i.e., 


M^ x - (-6.15 ± 0.13) log P + (-0.03 ± 0.05), cry = 0.09, (log P < -0.25); 

M e , arly = (-5.04 ± 0.13) log P + (0.29 ± 0.05), cry = 0.09, (log P > -0.25); 

dmax 

M Hm „ - (-5.22 ±0.12) log P + (0. 12 ± 0.05), cr H = 0.08; 

M Ksnm = (-4.98 ± 0.12) log P + (0.13 ± 0.04), cr K = 0.08. 

These PLRs result in distances that are as accurate as those derived from the JHK S 
Cepheid PLRs (scatter cr < 0.10 mag): see Fig. 1. In fact, these relations are the first 
PLRs for early-type CBs thus far established at near-infrared wavelengths, in order 
to verify the accuracy of our PLRs, we carefully investigated the CBs’ period-color 
relations. The latter can be employed to get rid of unreliable CBs. Near-infrared PLRs 
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arc more accurate and significantly less sensitive to extinction and metallicity variations 
than V-band PLRs. 

Combining the JHK S PLRs, we derived the distances to our sample of 6090 CBs. 
The resulting accuracy is high: 90% of our sample CBs have distance errors of less than 
5%, and 95% have distance uncertainties of less than 10%. The remaining 5% may be 
CBs associated with poor-quality photometry, variables affected by high or complicated 
differential extinction, or objects that could have been misidentified as CBs, e.g. semi- 
detached binaries and — for small amplitudes — RR Lyrae and ellipsoidal binaries. 

2.1. Application to the Large Magellanic Cloud 

Graczyk et al. (29) published a catalog of 26,121 eclipsing binaries in the Large Magel- 
lanic Cloud (LMC), which ad been identified based on visual inspection of the Optical 
Gravitational Lensing Experiment III catalog. Their 1048 type-EC eclipsing binaries 
arc CBs, although they only included CBs with long periods (log P > -0.2 [days]). To 
select CBs that can be used as reliable distance tracers, we adopted our period-color 
selection and imposed period limits of -0.13 < log P < 0.2. Here, the upper limit is 
at the long-period end of the CB distribution and the lower limit is the magnitude limit 
used for detecting LMC CBs. 

This resulted in a total sample of 102 LMC CBs and a distance modulus of (m - 
M) vfi - 18.41 ± 0.20 mag. This is first distance to the LMC based on CBs. It is entirely 
consistent with the current best LMC distance modulus (24), (m - M)q = 18.49 ± 0.09 
mag. 
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Abstract. The evolution of disk hosting young stellar objects over the time frame 
1-10 Myr is briefly reviewed. Emphasis is put on the evolution of mass accretion rate 
and stellar magnetic field properties, two central ingredients that dictate the nature of 
the star-disk interaction, i.e., how accretion proceeds from the inner disk edge to the 
central star, thus impacting its longer term evolution. 


1. Introduction 

Over the time frame 1-10 Myr, young solar-type stars accrete material from their cir- 
cumstellar disk. Accretion of gaseous material from the inner disk edge to the central 
star is a complex and dynamical process that still remains to be fully elucidated (see, 
e.g., 91). Indeed, inner accretion streams play a central role in defining the spectropho- 
tometric properties of young stellar objects (YSOs), e.g., their X-ray and UV excesses, 
and rich emission-line spectrum. In addition, the accretion process is also responsible 
for most of the variability YSOs exhibit on day to week timescales. I will review here 
some recent results related to the star-disk interaction process and YSOs variability, 
namely the current estimates of accretion disk lifetimes, the early evolution of mass 
accretion rate and stellar - magnetic field that play a central role in the star-disk interac- 
tion at the time of planetary formation, and briefly mention the growing importance of 
eruptive processes during early stellar - evolution. 


2. Disk lifetimes 

Most solar-type star's are born with disks which dissipate on a timescale of a few Myr, 
possibly through the combined action of accretion processes and photoevaporative out- 
flows (e.g., 47). Spectacular - images of circumstellar disks around embedded stellar 
objects at an age less than 1 Myr have recently been released by ALMA (e.g. HL Tau, 
ESO PR No. 1436) and significantly older T Tauri stars, such as TW Hya at an age 8 
Myr, may also exhibit such large-scale disks (48). Most population studies indicate a 
steady decrease of disk hosting stars in young stellar - associations over the time frame 
from 1 to 10 Myr (e.g., 64; 50), with initial and environmental conditions possibly im- 
pacting disk lifetimes (e.g., 93; 60), and reports of strong accretors up to late ages (e.g., 
75). While it is quite clear - that the disk lifetime varies from one star - to the next, even 
within the same stellar - group, the average primordial disk lifetime appear to lie within 
3-6 Myr, depending on the age estimates assigned to star - forming regions (e.g., 85). 
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How the average disk lifetime varies with stellar mass remains controversial, with con- 
trasting observational results (e.g., 87; 70; 79). Also, a relationship has been suggested 
between accretion disk lifetime and initial stellar angular momentum content, which 
might find its origin in the embedded protostellar phase (69). Overall, even though the 
relative timescales for gas and dust evolution in protoplanetary disks still have to be 
clarified, the accretion process appeal's to last over about the same duration as planet 
formation in the disk, and may thus have important consequences for planet formation 
and early evolution. 


3. Mass accretion rate 

Mass accretion rates have now been measured for hundreds of YSOs in various star 
forming regions, most often by converting emission line fluxes to accretion rates us- 
ing empirical calibrations (e.g., 68; 81), and sometimes from directly measuring and 
modeling the UV excess arising from the accretion shock at the stellar surface (e.g., 
88; 44). Empirical relationships have been derived between the mass accretion rate and 
the mass of the central star, M acc oc M“, with a ~ 1.4-2. 1 for subsolar mass stars, an 
exponent that becomes possibly steeper for very low mass stars and brown dwarfs, and 
shallower for intermediate-mass stars (e.g., 100; 80; 43). Typical mass accretion rates 
in the (sub)solar-mass range lie between M acc ~ 10~ 4 * * * * 9 * * * and 1 0 7 M Q yr~ l , with a scatter 
of about a factor 100 at each mass (cf. Figure 1). This scatter, well in excess of the 
typical accretion variability amplitude of 0.5 dex (59; 101), may result from an age dis- 
persion in young stellar populations, from different accretion regimes onto the central 
star, or may reflect the impact of initial /environmental conditions -see the discussion 
in Venuti et al. (100). The time dependence of mass accretion rate is not as confidently 
documented from observations, due to the difficulty to assign precise ages to individual 
stars in young stellar groups. Indeed, we are still missing a robust statistical investiga- 
tion of the decline of the average mass accretion rate from one star forming region to 
the next over the time frame 1-10 Myr, similar to what has been done for the evolution 
of the disk fraction. Monte Carlo simulations of angular momentum evolution that as- 
sume a time-dependent mass accretion rate M acc x t~ 15 , as predicted by viscous disk 
evolution (74), nevertheless appear to recover most of the empirical rotation-accretion 
relationships reported for young stars (99). 


4. Magnetic field 

The determination of the magnetic properties of young stars has known a spectacular 

development over the last decade. The intensity and topology of the large-scale mag- 

netic field structure have now been measured for a significant sample of accreting T 

Tauri stars (e.g., 61; 62; 63; 76) and Herbig Ae-Be stars (e.g., 45). Young solar-type 

stars exhibit large-scale fields with an intensity in the range from a few hundred to a few 

thousand Gauss, and a geometry that is usually a mix of dipolar and octupolar com- 

ponents, whose ratio appeal's to depend on the pre-main sequence evolutionary status 

(72). Such strong magnetospheres have a direct impact on the inner accretion disk: the 

magnetic pressure is strong enough to overcome the gas pressure in the inner disk up 

to a distance of a few stellar radii above the photosphere, thus effectively truncating the 

inner disk region at a distance of typically 0.03-0.08 AU (e.g., 77). The accretion flow 
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Figure 1. The M acc distribution of low mass YSOs in the 5 Myr-old star forming 
region NGC 2264 is plotted as a function of stellar mass. Vertical arrows indicate up- 
per detection limits. Orange dots and green triangles mark two subgroups of objects 
dominated respectively by stochastic accretion bursts and variable extinction from a 
rotating inner disk warp. Figure from Venuti et al. (100). 


from the inner disk to the stellar surface then proceeds along magnetic funnel flows, 
a process often referred to as magnetospheric accretion (for a review, see, e.g., 52). 
The dynamo-generated magnetic fields rapidly decrease as the stars reach the ZAMS 
and evolve further on the main sequence (102; 66). This is illustrated in Fig. 2 where 
the intensity of the mean large scale magnetic field of solar-type stars is plotted as a 
function of age, from the early pre-main sequence up to the solar age. On the basis of 
an extended sample of solar-type stars at various evolutionary stages, Folsom et al. (66) 
argued that the weakening of the magnetic field strength during the pre-main sequence 
primarily results from structural changes, while it closely follows the rotational braking 
of solar-type stars on the main sequence. 


5. Star-disk interaction and photometric variability 

The evolution of mass accretion rate and magnetic field strength and topology over the 
1-10 Myr age range is a major factor impacting star-disk interaction and angular mo- 
mentum evolution (see, e.g., 55). Strong large-scale dipolar fields, as observed in fully 
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Figure 2. The mean large-scale magnetic field strength of solar-type stars is plot- 
ted as a function of age from the early pre-main sequence to the age of the Sun. 
Magnetic field measurements were obtained in the framework of 3 major spectropo- 
larimetric surveys (shown as different symbols) targeting T Tauri stars (MAPP; Do- 
nati et al. (63)), zero-age main sequence stars (HMS/Toupies; Folsom et al. (66)), 
and late-type dwarfs (Bcool; Marsden et al. (82)). Figure updated from Folsom et al. 
( 66 ). 


convective PMS stars on their Hayashi tracks (e.g., 63), are most effective in truncating 
the inner disk and channeling the accretion flow along the stellar magnetosphere down 
to the stellar surface, where it produces a localized accretion shock. This configuration 
gives rise to an inner disk warp that periodically obscures the central star, to funnel 
flows of ionized gas where part of the emission line spectrum of accreting T Tauri stars 
originates, and to the rotational modulation of the continuum excess flux produced in 
the accretion shock, including optical veiling and soft X-ray excess (e.g., 65). All these 
signatures, which are predicted by numerical models of MF1D star-disk interaction (e.g., 
92; 83; 86), were observed in the prototypical case of AA Tau (54; 51; 73) and are now 
commonly observed in a significant fraction of accreting YSOs (46; 67; 84; 95). These 
so-called photometric dippers (56; 97) whose light curve is dominated by extinction 
events are characterized by relatively mild accretion rates, as shown in Figure 1. In 
contrast, the strongest accretors often exhibit stochastic light-curves, sometimes in- 
cluding short duration accretion bursts (96; 98), suggesting a much more dynamical 
and unstable accretion flow onto the star, as expected from numerical star-disk interac- 
tion models where the magnetic field is not strong enough to fully control the accretion 
flow onto the star (78). Some examples of the light curves obtained during the most 
ambitious photometric space campaign dedicated to YSOs, dubbed CSI 2264 (Coordi- 
nated Synoptic Investigation of NGC 2264; 56) are shown in Figure 3. Some of these 
light curves appear to be dominated by non-steady accretion events onto the star, on 
timescales ranging from hours to weeks, while others exhibit evidence for obscuration 
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by orbiting circumstellar dust. Even though much of the photometric variability of 
YSOs on day to week timescales remains to be understood, the recent progress brought 
by space photometry seems to support the existence of at least two main regimes of 
star-disk interaction, namely stable and unstable, which are partly reflected in the op- 
tical light curves (e.g., 94). The monitoring of hundreds of YSOs in other star forming 
regions with K2 will undoubtedly bring additional insight into the processes at the ori- 
gin of one of the defining properties of YSOs, namely their ubiquitous variability on 
timescales ranging from hours to years. 
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Figure 3. A few examples of CoRoT light curves obtained for YSOs in NGC 2264 
during the CSI2264 campaign. Adapted from Cody et al. (57) with illustrations of 
star-disk MHD simulations from Kurosawa & Romanova (78). 


6. Long-term variability: eruptive vs. dimming YSOs 

Two main classes of eruptive YSOs have been known for long: FUOrs and EXOrs. The 

former exhibit a sudden brightening of several magnitudes on a month timescale fol- 

lowed by decades of slow fading, while the latter are characterized by repetitive, shorter 

timescales outbursts, with an amplitude of a few magnitudes (see 49, for a recent re- 
view). Both classes of eruptive objects are thought to experience massive episodic 
accretion events that are triggered by large-scale instabilities in the circumstellar disk. 

Interestingly, wide-held infrared photometric surveys have recently revealed a contin- 
uum of outburst timescales and amplitudes, intermediate between FUOrs and EXors, 
which suggest that episodic accretion may be a relatively common process over the 

lifetime of circumstellar disks, with a frequency occurrence that decreases from the 

embedded phase to the T Tauri stage (e.g., 58). Indeed, the photometric behavior ofT 
Tauri stars is hardly predictable on the long-term. Spectacular examples of unexpected 
sudden fading of sources considered as "well-behaved", i.e., that have shown the same 

type of variability over several decades (71), have recently been reported, including AA 

Tau itself (53) -see its updated light curve in Figure 4, and RW Aur (89). Large dim- 

ming events, with an amplitude of several magnitudes and lasting for months to years, 
may prove to be much more common in T Tauri stars than previously thought (see, 
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e.g., 90). How do these large scale dimming events possibly relate to eruptive accretion 
episodes and/or planet formaton in the disk remains to be explored. 
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Figure 4. Updated AA Tau V-band light curve (K. Grankin, priv. comm.). Upper 
panel: A 30-year long light curve of AA Tau, from 1987 to 2017. Lower panel: Part 
of AA Tau’s light curve from 2011 to 2017, highlighting the epoch of the on going 
dimming. 


7. Conclusions 

The concomitant evolution of accretion rate and magnetic field properties over the time 
frame 1-10 Myr in the early life of solar-type stars strongly influences their fate. Not 
only do these changes instantaneously impact the accretion-ejection process, and in 
particular on the physics of the star-disk interaction, but they also have long lasting 
consequences for angular momentum evolution, internal stellar structure, and possibly 
planet formation and evolution. A better understanding of the physical processes in- 
volved during this short but important evolutionary stage has been gained over the last 
years, thanks to dedicated campaigns and large programs aimed at characterizing the 
magnetic, photometric, and spectroscopic properties of large samples of YSOs in vari- 
ous star forming regions. These recent results have spectacularly broadened the variety 
of phenomena and behaviors observed to occur in YSOs, thus opening a new chapter in 
the study of these intriguing objects. 
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Abstract. Long-term homogeneous photometry for 35 classical T Tauri stars (CTTS) 
in the Taurus-Auriga star-forming region (SFR) has been analyzed. The original method 
of interstellar absorption estimation on line of sight has been proposed, taking into ac- 
count the effects that are caused by magnetospheric accretion, cold spots, and extended 
variable circumstellar extinction. Reliable values of the interstellar extinction for 35 
CTTS have been determined. 


1. Context 

The Taurus-Auriga complex of molecular clouds is one of the nearest and well-studied 
star-forming regions (SFRs). The relatively low interstellar extinction, the small dis- 
tance (about 140 pc), the presence of a rich population of young (1-10 Myr) low-mass 
stars, and the absence of ionizing radiation and winds from young massive stars make 
it an ideal object for studying the formation of solar-mass stars and testing theoretical 
stellar evolution models. 

A lot of attempts to determine the physical parameters of tens of TTS in the Taurus- 
Auriga SFR have been made in a number of papers. All these studies were performed 
properly and systematically. In spite of this, the differences in some of the physical 
parameters for the same stars arc very large in these papers. One of the reasons for 
these differences is the difficulty of estimating the interstellar extinction (Ay). 

Hartigan et al. (1995) point out that the main sources of extinction uncertainty 
are the variability of the magnitude, color, and veiling of some TTS. As an example, 
they cite the star DR Tau, whose veiling varies between 6.4 and 20, and whose V- 
band photometric variability exceeds one magnitude. Another example is the heavily 
veiled star - DO Tau, in which the excess continuum dominates the photospheric flux. 
The authors argue that the contribution of the veiling continuum in the V band reaches 
80%. Thus, the color of this object will be considerably bluer than that of the same 
star - without optical veiling. Even in the case of TTS with weak accretion, a significant 
scatter in extinction estimates is observed. For example, for the weakly veiled star 
DN Tau, Gullbring et al. (1998) provided interstellar - extinction ~0.2, Kenyon and 
Hartmann (1995) estimated it as -0.5, and Hartigan et al. (1995) obtained extinction 
- 1 . 1 . 

Ingleby et al. (2013) reviewed the published Ay estimates for 13 CTTS and point 
out that for half of the objects the scatter in Ay reaches ±0.5, which can lead to an un- 
certainty of one order of magnitude in estimating the accretion rate. Some researchers 
have used the method of simultaneous fitting for three stellar parameters: the spectral 
type. Ay, and veiling. Nevertheless, the scatter in Ay estimates not only did not de- 
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crease but even increased to ±0.8. For the three objects DF Tau, DO Tau, and DG Tau, 
the differences in Ay estimates reached very high values: ±1.2, ±1.6, and ±2.7, respec- 
tively. 

Herczeg and Hillenbrand (2014) rightly note that the significant uncertainties in 
Ay and other parameters of CTTS introduce scepticism in our ability to use the main 
properties of CTTS to test theories of star formation and pre-main-sequence evolution. 
However, we argue that it is possible to obtain quite realistic estimates of Ay and other 
parameters of TTS by using a long-term homogeneous multicolor photometry. Analysis 
of a large number of magnitude estimates in several bands (for example, in U, B, V, 
and R) allows one to determine the maximum and minimum brightnesses with a high 
accuracy and to establish reliable color-magnitude relations. In turn, knowledge of 
these parameters of the photometric behavior for TTS makes it possible to accurately 
estimate the color excesses that are attributable either to accretion processes, or to cool 
extended spots, or to variable circumstellar extinction. Allowance for these excesses 
enables one to determine the magnitudes and colors that correspond to the intrinsic 
TTS photosphere and, hence, to calculate reliable values of Ay and other parameters of 
young stars. 

Such long-term homogeneous photometric observations of 34 CTTS and 40WTTS 
in the Taurus-Auriga SFR had been performed as part of the ROTOR program at the 
Maidanak Observatory in Uzbekistan for almost twenty years (1984-2006). The re- 
sults of these observations and their statistical analysis were presented in Grankin et al. 
(2007, 2008). Subsequently, Grankin (2013a,b) analyzed long-term observations for 
28 WTTS and 60 WTTS candidates in the Taurus-Auriga SFR. This analysis showed 
that more than 60 objects from this sample exhibit periodic light variations attributable 
to spotted rotational modulation. To minimize the influence of photometric variability 
on the Ay estimate and the luminosity L] m i, we used the maximum brightness ( V max ) 
and the corresponding ( V - R ) color, which is virtually insensitive to the possible pres- 
ence of hot spots and the manifestations of chromospheric activity (see Gullbring et al. 
1998). 

We hypothesized that the visible WTTS surface was least covered with spots at the 
time of maximum light. Therefore, its brightness and color correspond most closely to 
a true photosphere. Because of this, we calculated reliable extinctions, luminosities, 
radii, masses, and ages for 74 WTTS and related objects in the Taurus-Auriga SFR. 
Based on these data, we refined the evolutionary status of these objects (Grankin et al. 
2013b) and investigated the relationship between activity and rotation (Grankin 2013c). 
This paper is a logical continuation of our studies begun in Grankin (2013a-2013c). 


2, Determination of Interstellar Extinction 

CTTS have considerable X-ray, U, V, optical, and IR excesses that change the shape of 
the continuum and make it more difficult to calculate the interstellar extinction Ay and, 
hence, the bolometric luminosity L] m \ and ah of the remaining stellar - parameters. On 
the one hand, the U - B and B - V colors become considerably bluer in CTTS due to 
the presence of hot facular fields, excess chromospheric emission, short flares, and hot 
spots located at the base of accretion columns. On the other hand, the colors become 
slightly redder due to the presence of extended cool spots, variable circumstellar - ex- 
tinction, additional warm disk emission, and, in some cases, due to partial eclipses of 
the stellar - surface by the warped inner disk edge. Therefore, it is highly problematic to 
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determine the magnitudes and colors corresponding to the CTTS photosphere (see, e.g., 
Petrov and Kozak 2007). However, the actual value of Ay cannot be estimated without 
knowing these quantities. To illustrate the aforesaid, we presented the V - R color - V 
magnitude relation in Fig. 1 for one WTTS (V827 Tau) and one CTTS (DL Tau). Both 
objects have the same spectral type K7 and T eff — 4040 K. The photometric data arc 
represented by the gray dots. The (V - R)„ color of a standard star of the corresponding 
spectral type K7 is marked by the vertical line. 

In the case of V827 Tau (Fig. la), the main source of its photometric brightness 
and color variability is the presence of dark photospheric spots. Model calculations 
show that the observed color-magnitude relation is best described by dark spots with a 
temperature lower than the photospheric temperature by 1000 K that cover about 67% 
of the entire stellar surface. The modeling results arc represented by the dash-dotted 
line. A detailed description of the model calculations can be found in Grankin (1998). 
Since the visible surface of V827 Tau at maximum light is least covered with spots, 
its maximum brightness and the corresponding color marked by the large white circle 
correspond most closely to a true photosphere. The dashed line indicates the brightness 
level that corresponds to a true stellar photosphere observed through absorbing inter- 
stellar clouds (V' ph ). It is these values that arc used to calculate the interstellar reddening 
Ay (black arrow) and to determine the dereddened magnitude V° h (black circle). 


V827 Tau DL Tau 




Figure 1. Color-magnitude relation for WTTS (a) and CTTS (b). 

In the case of the CTTS DL Tau (Fig. lb), the brightness and color variations arc 
attributable primarily to the presence of a hot spot at the base of an accretion column. 
For this reason, the minimum brightness and the corresponding color (white circle), 
when the hot spot is located on the invisible side of the star, will correspond (to a first 
approximation) to a true photosphere. Our modeling shows that the observed color- 
magnitude relation corresponds most closely to a hot spot with a temperature of ~ 10000 
K and an area of -1.7% of the entire stellar surface (dash-dotted line). Obviously, in 
the case of CTTS, not the maximum brightness and the corresponding color (as in the 
case of WTTS) but the minimum brightness and the corresponding color should be 
used to obtain realistic interstellar extinction estimates (black arrow). However, the 
source of the CTTS photometric variability is not only the hot accretion spot but also 
variable circumstellar extinction (as in AA Tau), dark spots, hot facular fields, and 
some other processes (see above). Therefore, the choice of the brightness (V' ph ) and the 
corresponding color that correspond most closely to a “quiet”CTTS photosphere and 
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that could be used to determine a realistic value of Ay is highly ambiguous. Below, we 
present the next algorithm to determine Ay. 

To take into account the possible contribution of the emission from a hot spot 
and facular areas, we used long-term homogeneous BVR photometry from Grankin 
et al. (2007). Analysis of the color-magnitude diagrams showed that all CTTS from 
our sample exhibit considerable blue excesses (estimates of the color excess Eu-b, 
Eb-v < 0). Figure 2a presents the B- V color - V magnitude relation for the star Cl Tau, 
which shows signatures of noticeable accretion. The ( B - V) 0 color of a standard star 
of the corresponding spectral type K7 is marked by the vertical line. The actual color- 
magnitude relation is marked by the dash-dotted line. It can be seen from the figure 
that many of the magnitudes and colors arc located to the left of the vertical line, where 
Eb-v < 0- Obviously, these magnitudes and B-V colors arc attributable to the accretion 
processes, and they cannot be used to estimate Ay. Nevertheless, we can assume that 
the brightness level at which the blue excess disappears ( Eb-v - 0) corresponds to a 
normal stellar photosphere observed through interstellar clouds. This brightness level 
(V' ph ) is marked by the horizontal dashed line and the white circle. 

Given the upper photospheric brightness limit V' h and the V - R color-magnitude 
relation, we can estimate the color excess Ey-R attributable only to the interstellar ex- 
tinction (Fig. 2b). We propose to use such a value that corresponds to V' h (marked by 
the vertical dotted line) as the photospheric ( V - R) p i , color. The photospheric bright- 
ness and the corresponding (V - R) p h color chosen in this way are marked by the white 
circle. According to the proposed technique, the color excess due to the interstellar ex- 
tinction is estimated as Ey-R = 0.39. Finally, the interstellar extinction was calculated 
from the well-known formula Ay = 3.1 Ey-R for the V and R bands of the Johnson 
(1968) photometric system. The values of the interstellar extinction for 35 CTTS arc 
presented in Table 1. 




Figure 2. Color-magnitude relations for Cl Tau: B - V vs V (a) and V - R vs V (b). 

3. Reliable Values of Interstellar Extinction 

To check the reliability of our extinction estimates, we compared them with the pub- 
lished values of Ay. Information regarding the published values of Ay was taken from 
18 different papers, with the references to most of them being given in the Context. Fig- 
ure 3 compares our values of the extinction with those from several publications with 
which good agreement is observed. Our values of Ay agree best with the published 
estimates from Cohen and Kuhi (1979), Strom et al. (1989), and Kenyon and Hartmann 
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(1995). These authors used the V - R or V - I colors to measure the extinction. As an 
example, our values of Ay are compared with those from Strom et al. (1989) in Fig. 3a. 
There is an excellent overlap between our values and the results of these authors, with 
a shift of -0.08'" and a standard deviation of 0.48'”. The agreement with the data from 
Cohen and Kuhi (1979) (a shift of -0.01"' and a standard deviation of 0.57"') and from 
Kenyon and Hartmann (1995) (a shift of -0.06"' and a standard deviation of 0.57'”) is 
slightly poorer. 

The differences with the extinction estimates from Rebull et al. (2010) and Furlan 
et al. (2011) obtained from near- 1 R photometry (J - H or J - K ) are more significant 
and systematic. For example, the mean shift and standard deviation of our values of Ay 
relative to those from Rebull et al. (2010) arc + 1 .25"' and 3.75'”, respectively. When our 
values of Ay arc compared with those from Furlan et al. (201 1), the situation is slightly 
better: the mean shift is +0.59'" and the standard deviation is 1.08"' (see Fig. 3b). 
In both cases, analysis of the near-IR photometry gives considerably higher extinction 
estimates than those obtained at optical wavelengths. 



A v (this work) 
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Figure 3. Comparison of Ay from this paper with its values from Strom et al. 
(1989) (a), Furlan et al. (2011) (b), Andrews et al. (2013) (c), and the median values 
ofA v (d). 

Andrews et al. (2013) applied a method for estimating the extinction and lumi- 
nosity by fitting spectral templates of stellar photosphere models to the actual spectral 
energy distributions of CTTS. Our values of Ay are compared with those from Andrews 
et al. (2013) in Fig. 3c. The agreement with our data is good, with a shift of +0.17"' 
and a standard deviation of 0.31'". Unfortunately, comparison with other works showed 
very significant discrepancies in the Ay estimates. For example, analysis of 12 works 
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showed that the maximum and minimum values of Ay for CW Tau differ by 5.1"' (from 
1.8 to 6.9); the differences for DG Tau, RY Tau, DO Tau, and DD Tau reach 4.4, 4.3, 
4.2, and 3.9"', respectively. For most of the remaining objects from our sample, the 
differences between the maximum and minimum values of Ay arc close to 2"'. Taking 
this fact into account, we gathered all of the independent Ay determinations from the 
literature for our objects and calculated the median values of the extinction. Figure 
3d compares our extinction estimates with these median values of Ay. The vertical 
bars indicate a typical scatter between the maximum and minimum values of Ay for 
three different objects: DI Tau (A Ay = 0.60'"), DE Tau (A Ay = 2.0”'), and RY Tau 
(A Ay = 4.3'”). Despite the large differences between individual published Ay esti- 
mates, the median values agree excellently with our extinction estimates, with a shift of 
+0.08'" and a standard deviation of 0.18'". Thus, we think that our technique provides 
a good way for estimating reliable values of the interstellar extinction. 


Table 1 . Interstellar Extinction 


Name 

Ay 

Name 

Ay 

Name 

Ay 

Name 

Ay 

Name 

Ay 

AA Tau 

0.92 

DE Tau 

0.97 

DM Tau 

1.50 

GK Tau 

1.01 

RYTau 

1.57 

BP Tau 

0.89 

DF Tau 

0.99 

DN Tau 

0.42 

GM Aur 

0.32 

SU Aur 

0.90 

Cl Tau 

1.44 

DG Tau 

1.62 

DO Tau 

2.27 

HP Tau 

2.26 

T Tau 

1.72 

CW Tau 

1.95 

DHTau 

0.57 

DR Tau 

1.23 

HQ Tau 

2.81 

UX Tau 

0.64 

CXTau 

0.36 

DITau 

0.76 

DS Tau 

0.93 

IP Tau 

0.23 

UY Aur 

1.05 

CYTau 

1.26 

DK Tau 

1.33 

GG Tau 

0.91 

IQ Tau 

1.25 

VI 079 Tau 

0.41 

DD Tau 

1.78 

DL Tau 

1.82 

GITau 

1.36 

RW Aur 

0.87 

XZ Tau 

1.68 
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Abstract. The types of instability in the interacting binary stars are briefly reviewed. 
The project “Inter-Longitude Astronomy” is a series of smaller projects on concrete 
stars or groups of stars. It has no special funds, and is supported from resources and 
grants of participating organizations, when informal working groups are created. This 
“ILA” project is in some kind similar and complementary to other projects like WET, 
CBA, UkrVO, VSOLJ, BRNO, MEDUZA, AstroStatistics, where many of us collab- 
orate. Totally we studied 1900+ variable stars of different types, including newly dis- 
covered variables. The characteristic timescale is from seconds to decades and (ex- 
trapolating) even more. The monitoring of the first star of our sample AM Her was 
initiated by Prof. V.P. Tsesevich (1907-1983). Since more than 358 ADS papers were 
published. In this short review, we present some highlights of our photometric and 
photo-polarimetric monitoring and mathematical modeling of interacting binary stars of 
different types: classical (AM Her, QQ Vul, V808 Aur = CSS 081231:071 126+440405, 
FL Cet), asynchronous (BY Cam, V1432 Aql), intermediate (V405 Aql, BG CMi, MU 
Cam, VI 343 Her, FO Aqr, AO Psc, RXJ 2123, 2133, 0636, 0704) polars and mag- 
netic dwarf novae (DO Dra) with 25 timescales corresponding to different physical 
mechanisms and their combinations (part “Polar”); negative and positive superhumpers 
in nova-like (TT Ari, MV Lyr, V603 Aql, V795 Her) and many dwarf novae stars 
(“Superhumper”); eclipsing “non-magnetic” cataclysmic variables(BH Lyn, DW UMa, 
EM Cyg; PX And); symbiotic systems (“Symbiosis”); super-soft sources (SSS, QR 
And); spotted (and not spotted) eclipsing variables with (and without) evidence for a 
current mass transfer (“Eclipser”) with a special emphasis on systems with a direct 
impact of the stream into the gainer star’s atmosphere, which we propose to call “Im- 
pactor” (short from “Extreme Direct Impactor”), or V361 Lyr-type stars. Other parts 
of the ILA project are “Stellar Bell” (interesting pulsating variables of different types 
and periods - M, SR, RV Tau, RR Lyr, Delta Set with changes of characteristics) and 
“Novice”(=“New Variable”) discoveries and classification based on special own ob- 
servations and data mining with a subsequent monitoring for searching and studying 
possible multiple components of variability. Special mathematical methods have been 
developed to create a set of complementary software for statistically optimal modeling 
of variable stars of different types. 


Why carry out the monitoring? Imagine that You made a photo of a 
falling stone. Only one photo. Then somebody looks at this photo and 
thinks: “Wow! The stone is flying? Anti-gravitation? A thin wire?” So, 
to make physically correct models, You should know the dynamics of 
the object! So, take a small telescope ( nobody will allow You to use a 
large one for a long time ) and obserye! As long as possible! And You 
will catch Your Discovery! 


Prof. Vladimir P. Tsesevich (1907-1983) 



Instabilities in Interacting Binary Stars 


45 


1. Introduction 

In the epigraph, we see an unofficial justification of a necessity of long-term monitoring 
of stars. Even so-called “periodic” stars, which arc typically believed to exhibit stable 
light curves, show deviations which may be interpreted by period variations or a light 
- time effect (cf. Tsessevich 1971, (169)). For cataclysmic variables, there arc many 
physical processes with characteristic times from 0. Is to (theoretically) billions of years 
(cf. (192), (123)). Thus a long - term monitoring may lead not to a better statistical 
accuracy of the light curve, but also to a detection of rare or “very rare” events in these 
systems. The monitoring of the first star of our sample - AM Her - was initiated by 
Prof. V.P. Tsessevich (1907-1983). Since more than 358 papers (cited in the ADS) 
were published, with a total number of studied variable stars exceeding 1900. 


2. “Inter-Longitude Astronomy” (ILA) 

The project “Inter-Longitude Astronomy” is a joint name of a series of smaller projects 
on observation and interpretation of concrete variable stars or groups of stars. It has 
no special funds, professional and amateur astronomers take paid based on their own 
resources, when informal astronomical working groups arc created. This “ILA” project 
is in some kind similar and complementary to other projects like WET, CBA, UkrVO, 
VSOLJ, BRNO, MEDUZA and currently Astroinformatics ((190)), where many of us 
take paid. Previous reviews on the ILA project were published by (132) and (134). The 
main parts of this project arc briefly described below. 

2.1. “Polar” 

Photo-polarimetric and spectroscopic study of gravi-magnetic rotators in cataclysmic 
variables - classical, asynchronous and intermediate polars; 

The photometric monitoring of AM Her started in Odessa based on photographic 
observations and later continued photopolarimetrically at the 2.6m and 1.25m tele- 
scopes of the Crimean astrophysical observatory ((164), 
(182)). 

The characteristics of the brightness variations of AM Her arc studied at time 
scales from seconds to decades by using the scalegram method proposed by (121). The 
unbiased scatter estimate increases with the filter half-width according to a power law 
with an index 0. 180 from 10 4 to 3000 days indicating a fractal nature of irregular vari- 
ations with a low dimension of D = 0.32 ((127)). (118) discussed different types of 
instability of the accretion column. (129) reviewed methods and results of the principal 
components of variability of the accretion structures near - white dwarfs. (183) reported 
on a correlation between the “shot noise” decay time and circular polarization. (184) 
estimated the temperature of the white dwarf of ~ 20 000K with an additional compo- 
nent of ~ 35 000K in the bright state, and a magnetic field strength of ~ 13 MG. (132) 
Discovered two-component “shot noise” in the X-Ray variability with decay times 170s 
and 10s, indicating a MHD instability in the accretion column. An unprecedented UV 
Cet-type flare was detected in AM Her ((181), (182)). More frequent flares with a red 
spectral energy distribution are due to accretion events ((156)). 

Theoretical models of magnetic cataclysmic bsnary systems include: determina- 
tion of the orientation of the magnetic axis of a white dwarf from orbital curves of 



46 


Andronov et al. 


the X-Ray flux ((1 16)), oscillations of the orientation of the white dwarf (“swingings”, 
“librations”) ((117), (126), (177)), “asymmetric propeller” ((119)). 

2.2. Eclipsing and Asynchronous Polars 

(143) estimated the size of the emitting region in eclipsing polar V808 Aur of ~ 1 300km, 
which is much smaller than the white dwarf. 

(145) determined the capture radius and synchronization time of the white dwarf 
in the unique magnetic cataclysmic system V 1432 Aql - the asynchronous polar with 
a spin-up. (131) reported an analysis of the idling magnetic white dwarf in the syn- 
chronizing polar BY Cam based on the “Noah-2” project. (178) discussed high speed 
optical observations of cataclysmic variables: FL Ceti, BY Cam, and DQ Her. 

2.2.1. Intermediate Polars 

For EX Hya, the spin-up characteristic time of r = 4.7 million years was determined 
((146)). The list of moments of spin maxima was compiled by (161). Much faster spin- 
up of r = 170 thousand years was detected in MU Cam, the modulation of the spin 
phases with the orbital phase was discovered, being interpreted by periodic changes 
of the accretion structure due to rotation of the magnetic white dwarf ((179)). During 
long-term monitoring, (136) have detected a return to high luminosity state of V1323 
Her = RXS J1 80340.0+40 12 14 in 2014. Si mi lar phenomenon was monitored in the 
“King of Intermediate polars” - FO Aqr (in preparation), which shows alternate spin 
period variations ((158)). A complicated period variation was found in BG CMi, where 
a fourth-order polynomial is the statistically best fit for the timeing of the spin maxima, 
indicating a third-order polynomial in the period variations, and thus a decreasing rate 
of the spin-up of the white dwarf ((165)). Precession of the white dwarf or light-time 
effect due to the third body arc responsible on the O - C variations in V405 Aur ((159), 
(160)). 

(163) have corrected the orbital and spin periods of a low-field intermediate polar 
V709 Cas. (162) corrected the orbital period and found evidence for 2-day period- 
icity of the intermediate polar - V2306 Cygni. (133) discovered a correlation between 
the brightness at the outburst with it’s slope in the outbursting intermediate polar - (= 
magnetic dwarf Nova) DO Dra, and also “Transient Periodic Variations” (TPO). 


2.3. “Stellar Bell” 

Analysis of multi-component pulsations of short- and long- period variable stars based 
on own photometric observations and the data from the international databases of AFOEV 
(France), VSOLJ (Japan) and AAVSO (USA). Recent review of our results was pre- 
sented by (137). (149) reviewed the method of “Running Sines” as a powerful tool to 
study periodic and aperiodic modulations of the nearly sinusoidal shape of oscillations. 
(148) studied two-component variability of the semi-regular - pulsating star - U Del. (172) 
discussed more transient type variables - Miras or SRa’a. The secular - variations of the 
photometric parameters of Mira Ceti variables and semiregular - variables were studied 
by (174), (175) and (176). (171) analyzed mean light curves of the Mira-type star's in 
the H- and K-bands. Kudashkina (2012b) discussed the classification of semiregular 
pulsating asymptotic giants branch star's. 



Instabilities in Interacting Binary Stars 


47 


2.4. “Eclipser” - “Clean” and “Spotted” Eclipsing Variable Stars 

Monitoring and analysis of binaries with spots with a main attention to self-consistent 
modeling of systems with migrating spots and “direct impactors” with accretion - in- 
duced “hot spots”. 

The algoritm NAV (“New Algol Variable”), originally introduced for phenomeno- 
logical modelling of the light curves by (124), was used for determination of character- 
istics of newly discovered eclipsing binary ((135), (186)), while (188) determined these 
parameters for the prototype eclipsing binaries Algol, /j Lyrae and W UMa. Numer- 
ous possible improvements of the method NAV by introducing a minimal number of 
additional phenomenological parameters were introduced ((139), (140), (142)). (138) 
used phenomenological parameters for the two-color photometry to estimate physical 
parameters of VSX J180243.9+400331. 

The “simplified” model assuming spherical components was analyzed ((154), (185)). 
(187) analyzed the structure of the corresponding test function. 

The classical O - C analysis of the minima timings of eclipsing variables was 
resulted in detection of cyclic period changes in the EB-type systems KR Cyg, V382 
Cyg and BX And ((189)). 

2.5. Extreme Direct Impactors (V361 Lyr-type stars) 

An exotic group of eclipsing binary systems currently contains only two objects - V361 
Lyr, the model of which was proposed by (151), and of a recently discovered object 
=VSX J052807. 9+725606 ((191)), which was almost registered in the GCVS ((180)) 
as V549 Cam. These objects show an extremely large difference in maxima, which arc 
interpreted by a bright spot caused by a direct impact of the accretion stream in the 
atmosphere of the secondary without a creation of the accretion disk. These stars arc 
suggested to be at a pre-contact stage and evolve towards an EW-type binaries. The 
small number of such known systems argues for s short duration of this evolutionary 
stage. 


2.6. Other Types of Variability 

Among the variable stars studied within the “Inter-Longitude Astronomy” project, there 
arc objects of many types, among them: the symbiotic stars (the direction called the 
“Symbiosis”); “Superhump” - study of the precession of accretion disks in the Nova- 
Like (NL) and Dwarf Nova (DN) stars. The main objects of this type in our study were 
MV Lyr ((125)) and TT Ari ((166), (128)); few year-scale variations of characteristics 
of the outburst cycle length in dwarf novae ((152)) due to modulation of the accre- 
tion rate caused by a solar-type activity of the red dwarf and/or a presence of the third 
body ((147)); Super-Soft Sources V Sge and QR And; new variable stars (“Novice”: 
star classification and justification of suspected and newly discovered variables from 
surveys and own observations). Time series analysis based on own and published pho- 
tometric observations obtained in ground-based and space observatories. 

2.7. Software for Processing Astronomical Observations of Variable Stars 

Special mathematical methods have been developed to create a set of complementary 
software for statistically optimal modeling of variable stars of different types. 

Lor analysis of the raw photopolarimetric observations obtained using the 2.6m 
Shain telescope of the Crimean astrophysical observatory, the software “PolarObs” was 
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developed ((157), (167)), which was used not only for observations of cataclysmic 
binaries ((123)), but also asteroids and comets ((168)). 

(144) elaborated a program “MCV” (Multi-Column 
Viewer), which may be used for multiple purposes, starting from a simple visualisation 
of the multiple columns to advanced modeling of the multi-periodic multi-harmonic 
signals with a polynomial trend, corresponding periodogram analysis and improving 
CCD photometry using the algorithm of the “artificial star”. 

(155) developed a program for determination of the characteristics of extrema us- 
ing the statistically optimal approximation among a set of symmetric (typically for 
eclipsing binaries) and asymmetric (for pulsating variables). Some of these approxima- 
tions were described by (120), 

(153) compared different methods for minimization of the test function. Besides, 
for the method of Monte-Carlo, the number of iterations for a better result is statistically 
the same as the number of computations before this “currently best” value was obtained. 

(150) presented a program WWZ for visualisation of results of the wavelet analysis 
of astronomical signals with irregularly spaced arguments based on the algoritm of 
( 122 ). 

(149) reviewed the base and application of the method of “Running Sines”, which 
is related to Morlet-type wavelet analysis improved for irregularly spaced data ((122)). 
The method is most effective for “nearly periodic” signals, which exhibit a “wavy 
shape” with a “cycle length” varying within few dozen per cent. A new method to 
investigate periods and their variation is proposed. 

2.8. On-Going Studies and Future Plans (“todo” list) 

As seen from the “highlights”, the monitoring of variable stars produces many inter- 
esting results, which could not be obtained at larger telescopes because of high com- 
petition for the observational time and thus relatively short time for a given object. 
The “Inter-Longitude Astronomy” project allows, in some cases, to get data from dif- 
ferent longitudes and to solve problems of cycle numbering etc. Although, the “next 
step” results arc determined in our studies, the continuation of monitoring will lead 
to some expected (and hopefully “unexpected” =discoveries) results, namely search for 
time evolution of periods and other characteristics of variability. Among the key ob- 
jects, we plan to continue monitoring of: 

• Classical Polars (AM Her, QQ Vul) - polarimetrically at the 2.6m telescope 

• Classical Eclipsing Polars (FL Cet, V808 Aur = OTJ 07 1 1) 

• Asynchronous Eclipsing Polar (V 1432 Aql) 

• Intermediate Polars (FO Aqr, AO Psc, PQ Gem, MU Cam, V1343 Aql, V1309 
Ori, V709 Cas, BG CMi, V0647 Aur = RXJ 0636, V0418 Gem = RX J0704, DQ 
Her) 

• Eclipsing stars with the O’Connell effect V0452 Dra=VSX J1 12825+6837 17, 
WZ Crv, NOMAD-1 1617-0165649=V1015 Cep, BS Cas, V1094 Cas) 

• Extreme Direct Impactors (V361 Lyr, V549 Cam=VSX J052807.9+725606) 
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Abstract. A significant flux and spectral variability over a time scale of years in the 
X-ray emission of the isolated neutron star RX J0720. 4-3125 has been studied based 
on the all observations conducted by during ~ 1 2 (2000-2012) years. This first ever 
detected non-stationary phenomenon in one of the seven radio-quiet. X-ray pulsating 
isolated neutron stars (INSs) discovered by ROSAT shows long-term variations in its 
spectral (black body temperature, size of the emitting area, the depth of the absorption 
feature) and timing parameters (spin period, pulse profile). The reason of this enigmatic 
behaviour is still unclear: cyclic variations are expected if the neutron star precesses 
while a sudden event like a glitch or an episode of a clumpy accretion from ambient 
medium may cause a gradual evolution after a relatively fast change. 


1. Introduction 

Already, at the beginning of 90-is of the last century, the ROSAT X-ray observatory has 
discovered a small group nearby, thermally emitting and radio-quiet INSs (see, e.g., 
reviews by 197; 212; 214, and references therein). Meanwhile, by multi-epoch X-ray 
observations using and Chandra telescopes allowed to detect X-ray pulsations with 
periods clustered in the range of 3-12 sec (see. Fig. 1). These observations also have 
uncovered absorption features in the spectra some of them (198; 201; 193). 

The spin phase averaged X-ray spectra of it can be formally modeled by a black- 
body (kTa, ~ 84-94 eV) plus a broad (~ 10 - 70 eV wide) absoiption feature centered 
at ~ 300 eV (200; 206; 205). A narrow (~ 5 eV wide) absorption feature was identified 
in Reflection Grating Spectrometer (RGS) data at ~ 570 eV, possibly due to highly 
ionized Oxygen of the circumstellar origin (211; 201; 204). 

RX J0720.4-3125 is a special case among nearby thermally emitting INSs under- 
going rather sensible changes both in its spectral and timing properties over a timescale 
of a few years. A clear variation in the spectrum has been detected by the high- 
resolution spectral Reflection Grating Spectrometers (RGS) (195). This detection was 
subsequently confirmed and analyzed by imaging-spectroscopic EPIC pn observations 
(199; 206). 

Here we present results of our comprehensive X-ray flux, timing, and spectral 
variability analysis of . 
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Figure 1 . The period-period derivative diagram (data from ATNF pulsar database, 
(209), http://www.atnf.csiro.au/research/pulsar/psrcat) shown for a 
sample consisting of radio pulsars (small grey dots), anomalous X-ray pulsars 
(AXPs, open circles), and thermally emitting isolated neutron stars (INSs, filled cir- 
cles, (215), http://www.neutronstarcooling.info). Lines of constant charac- 
teristic age r, magnetic field B and spin-down luminosity E are also shown, high- 
lighted by the black square with P - P values reported in the literature and by the 
green filled square according to (202). 


2. Data reduction and analysis 

RX J0720.4-3125 has been observed many times by with different observational 
modes. 

Fiere we focus mainly on the data collected with EPIC pn from the 16 XMM- 
Newton EPIC pn Full Frame mode observations, with same instrumental setup (posi- 
tioned on axis), in total presenting about 350 ks of effective exposure time, spanned 
over 12.4 years, and consisting of ~ 2200000 high quality registered photons. 

The data were reduced using standard threads from the data analysis package 
SAS version 14.0.0. The reprocessed solar barycenter corrected source and background 
data files from all observations were produced from the cleaned 1 photon events using 
an extraction radius of 45-60" depending on the brightness of in the corresponding 
pointed observation. 


1 Eliminating time intervals affected by high background owing to the solar soft proton flares 
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2.1. Long-term variability and spin history 

First, we constructed light curves of and the corresponding backgrounds from nearby, 
source-free regions. We corrected the observed count rates for various sorts of detector 
inefficiencies (vignetting, bad pixels, dead time, effective areas, etc.) in different en- 
ergy bands for each pointed observation for an uninterrupted observational good time 
interval exceeding 900 sec (see, left panel of Fig. 2). 



Date [MJD-51 677.0 days] 



Date-51677.0 [MJD] 


Figure 2. Left: Observed count rates of RX J0720.4-3125 in the energy 
ranges 0.16-1.6 keV, 0.16-0.38 keV and 0.38-1.6 keV in different XMM-Newton 
EPIC pn Full Frame submode observations. The vertical dashed-lines are in- 
dicating five data groups used to co-add the spectra of (see, further Sec. 2.2). 
Right: Spin-frequency history of by application of the GL (196) method for 
periodicity search in broad energy band for different XMM-Newton EPIC pn 
Full Frame submode observations. Grey shaded area shows a steady spin-down 
(P 0 = 16.78215s, P = 1.86 x 10- 13 ss-\MJD = 51677.104103) of by robust linear 
fitting, i.e. eliminating the outliers. 


It is worthwhile to note that the X-ray brightness of increased by ~ 35% (A CR] iar d - 
0.95 ± 0.02 counts/sec) in the hard energy band. In contrary, the behaviour was di- 
ametrally inverse in the soft energy band, i.e. it has decreased by ~ 11%(A CR so /t = 
-0.45 ± 0.02 counts/sec), meanwhile in the broad energy band the increase was only 
~ 7% (A CRbroad = 0.52 ± 0.04 counts/sec). 

Next we performed more advanced (e.g. Bayesian analysis of the search, esti- 
mate and testing hypothesis 196, see further) complete X-ray timing analysis of photon 
arrival times, considering also as a true spin period of RX J0720.4-3125 half of the 
frequency of the most significant peak in the periodogram. It turned out that the most 
probable, plausible spin period of this INS can be considered 0.0596 Hz (instead of 
0. 1 19 Hz reported in the literature). 

A significant increase of the spin frequency (Av ~ 10 -6 - 1 0 ^ Hz) was detected 
during pointed observation performed on the May 22, 2004 (MJD=53 147.442236), 
which corresponds to the brightest (faintest) level of the X-ray flux in the hard (soft) 
energy band. This observed spin-up is consistent in all energy bands within statistical 
errors. 
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Figure 3. Combined phase-folded light curves of different data groups GR I (left 
panel) and GR IV (right panel) in different energy bands (0.16-0.50 keV, 0.50-0.60 
keV,0.60-0.70 keV,0.70-2.0 keV). 


The phase folded light curves of RXJ0720.4-3125 (with the detected spin periods 
in multiple epochs) show markedly double -profile shape (see, Fig 3), which formally 
can be modeled by an exponentiated Fourier series (194) for two component (r(t/) oc 

gZj=i[/j c °s(-p-+^)l 5 initial phases of the peaks <p \ t 2 of photon arrival times (fi, i = 
I , N) of a periodic signal with the period of P). The distribution of phases of photon 
arrival times can be parameterized with a mixture of von Mises distributions 2 (210) with 
significantly different components (202). Moreover, the fitted parameters of double- 
peaked pulse profile are strongly dependent from the both: energy range and brightness 
of . 

2.2, Spectral variations 

In order to compare spectral characteristics of in different stages of the long-term vari- 
ation (Fig. 2) as well during rotation (Fig. 3) we performed spin-phase resolved X-ray 
spectroscopy. 

To create high S/N ratio spin phase-resolved spectra of we coadded spectra for 
some sequential pointed observations where it shows approximately si mi lar brightness 
in the broad energy band (0.16-1.6 keV). Namely, total observational interval, spanned 
almost 12.5 years, divided into five subintervals (data groups, see, left panel. Fig. 2 
vertical dashed-lines), from which second group is representing the brightest phase. 

Next, we have extracted high signal-to-noise ratio spectral data corresponding to 
different rotational phase bins (i.e., the maxima, minima, and intermediate stages) of the 
double-peaked pulse profile and collected from different observations. All these spectra 
for the above mentioned five data groups were subject of the simultaneous fitting with 
a number of highly magnetized INS surface/atmosphere models developed by us (213) 


2 The probability density distribution of mixture of von Mises distributions: 

l/,(e-,IU U II 2 ,K U K 2 ,f) = 2Cos(fl-„2), 

where /r 12 and k 12 are the mean directions and concentrations of the data distributed on a circle, / is the 
mixing proportion and I 0 is the zeroth order Bessel function. 
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Figure 4. Simultaneous fitted temperatures at the poles for different data groups of 
combined, phase resolved X-ray spectra of RX J0720.4-3 125 with spectral model of 
condensed iron surface and partially ionized hydrogen atmosphere. Contours show 
most probable values determined by MCMC sampling. 


and implemented into the X-ray spectral fitting package XSPEC (203). They are based 
on various local (i.e. at the neutron star surface) models and compute rotational phase 
dependent integral emergent spectra of INS, using analytical approximations. The basic 
model includes temperature/magnetic field distributions over the INS surface, viewing 
geometry and gravitational redshift. According to this fitting results and verification 
via MCMC approach the temperatures at the magnetic poles (see, Fig. 4) and the opti- 
cal depths of the magnetized atmosphere have increased significantly in the course of 
brightening of (202). 

It is worthwhile to note that the fitting residuals of the combined spectrum at 
the brightest phase of in the hard energy band (GR II) shows an emission feature 
at ~ 0.64 ± 0.01 kev (see, Fig. 5) which could be identified with highly ionized oxy- 
gen O VIII reflection line detected also at the ultra-compact X-ray binary systems 
(208; 207). 
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Group I 
Group II 




Figure 5. Left: Combined spin-phase averaged spectra and simultaneously fitted 
spectral model of an absorbed blackbody and a Gaussian absorption line for data 
groups of for pre -brightening and brightest phase (see. Fig. 2). Right: Fitted Gaus- 
sian emission line at 0.65 kev for data group corresponding to the brightest phase of 
(for details, see text). 


On the other hand, as already mentioned, a narrow absorption feature is found in 
the co-added RGS spectrum of the isolated neutron star RX J0720.4-3 125, at 0.57 keV, 
with equivalent width 1.35 ± 0.3 eV and with FWF1M ~ 6.0 eV (201). This feature 
was identified with highly ionized oxygen O VII absorption line, and most probably 
having origin in the ambient medium of RX J0720.4-3125, in an relatively dense (e.g. 
n h ~ 10 8 cm~ 3 ) slab, located in the vicinity (e.g. ~ 10 10 - 10 15 cm) of it. We co-added 
also all high-resolution RGS and Chandra LETG spectra and fitted simultaneously with 
spectral model of condensed iron surface with partially ionized hydrogen atmosphere. 
It includes as well the absoiption and the emission lines (at ~ 0.57 keV and ~ 0.65 keV) 
of highly ionized oxygen O VII and O VIII, respectively (see Fig. 6). 


3. Summary and Outlook 

• Simultaneous fitting of the light curves and the spectra of the isolated neutron 
star RX J0720.4-3 125 shows that emergent radiation originated at least from two 
emitting areas with slightly different effective temperatures and sizes, depending 
on the brightness and rotational phase of it; 

• Observed substantial spectral variability (increase and decrease of the brightness 
in the hard and soft energy bands) and spin frequency can be interpreted as an 
accretion (might be clumpy) episode from the ambient medium (as evidenced by 
presence of highly ionized oxygen O VII and O VIII lines), rather than glitch or 
precession of the INS . 

• More detailed modeling will be certainly worth for reflected emission from the 
circumstellar slab to determine parameters of the INS together with phase-resolved 


counts s~* keV' 1 counts s' 1 keV~‘ 
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RX J07 20.4-3125 XMM-Newton RGS & Chandra LETC, data and folded model 



, i , i I . i , i I i . i i I i , i , I i . i . I 

0.4 0.5 0.6 0.7 0.8 0.9 

Energy (keV) 


Figure 6. XMM-Newton RGS and Chncidra LETG co-added spectrum and the fit- 
ted model of the isolated neutron star RX J0720.4-3125 (for details, see text). 


spectroscopic study allowing to derive reliable estimate of the compactness and 
the radius of an isolated neutron star, thereby determining also the mass. 
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Abstract. In the present paper we discuss advantages and disadvantages of binary 
stars, which are important for star formation history determination. We show that to 
make definite conclusions of the initial mass function shape, it is necessary to study bi- 
nary population well enough to correct the luminosity function for unresolved binaries; 
to construct the mass-luminosity relation based on wide binaries data, and to separate 
observational mass functions of primaries, of secondaries, and of unresolved binaries. 


1. Introduction 

History of star formation C{t,m), depending on stellar mass and age, describes star 
formation process and determines evolution of HR diagram and integral properties of 
stellar systems. History of star formation is determined by the initial mass function 
(IMF) and the star formation rate: C{t,m) = f{m)b{t). Determination of the initial 
mass function (i.e. the mass distribution with which individual stars arc born) is a 
fundamental problem of star formation and stellar evolution, as evolution of a star is 
determined, in the first approximation, by its mass. 

The IMF can be restored from observational luminosity function with a help of 
the mass-luminosity relation (MLR). Using this procedure the IMF was found to be a 
power-law function (Salpeter 1955), while according to later studies IMF has a lognor- 
mal shape (K rou pa et al. 1993), (Scalo 1998), (Parravano et al. 2011). 

The dynamic stellar masses to construct the MLR are provided by binaries of 
certain types. On the other hand, the initial mass function is normally not corrected 
for the effect that many if not most stars occur in unresolved binary systems. It should 
be noted that binary stars are very numerous. According to modern data, observed 
fraction of binaries among field stars is underestimated due to various selection effects 
and, probably, not very different from 100%. 

Advantages and disadvantages of binary stars which are important for such a fun- 
damental task of the stellar astronomy as the star formation history determination, are 
discussed in the present paper. 


2. Luminosity function 

Local luminosity function (LF) is determined from data on stars in the solar neighbor- 
hood (5-20 pc), based on their parallaxes. Photometric LF is determined from deep 
stellar counts in surveys, typical distances are 100-200 pc. In both cases the LF should 
be corrected for photometrically unresolved binaries. 
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Assuming that the LF reflects a distribution of unresolved binaries under different 
assumptions on the properties of a set of unresolved binaries, (Piskunov and Maikov 1991) 
constructed the corresponding luminosity functions of their components. It was found 
that the effect depends on the distribution of the component mass ratio q and differs for 
different portions of the LF. For brighter stars (My < 6'”) the effect is small. Around 
the LF maximum (My ~ 13'”) it is strongest in the case when both components are of 
similar mass. The most prominent difference was found in the region of the faintest 
stars (My > 20”'), where the effect is strongest if low-r/ systems arc frequent. 

Unresolved binaries can also serve as a source for local missing mass. Stellar mass, 
estimated from integral light of the system is always less than the sum of components 
masses. It was found (Maikov 1995) that an excess of real mass over the fictitious one 
depends on the distribution of q and can reach 70%. 


3. Mass-luminosity relation 

The relation between the mass of a star and its luminosity on the main sequence (mass- 
luminosity relation, MLR) is a fundamental law that is used in various fields of astro- 
physics, and it is especially important for the construction of the IMF from the lumi- 
nosity function of stars. To determine the IMF one needs to know the MLR deviation: 
dN/d log(m) = dN/dMy x dMy /d\og(m). 

Independent stellar mass and luminosity determination is possible only for com- 
ponents of some types of binary systems. Altogether it is about 100-200 stars. Vi- 
sual binaries with known trigonometric parallax provide masses of components: see 
(Maikov et al. 1997), (Henry et al. 1999), (Delfosse et al. 2000), (Xia et al. 2008) for 
low-mass mass-luminosity relations based on visual binaries data. Another main source 
is detached main-sequence eclipsing binaries (hereafter EB), with the spectrum lines of 
the two components. Mass-luminosity relations based on eclipsing binaries data can be 
found, e.g., in (Kovaleva 2002), (Gorda and Svechnikov 1998). 

To match the two mass-luminosity relations (and also to compare theoretical mass- 
luminosity relations with empirical data) one makes the natural assumption that com- 
ponents of wide and close binaries evolve similarly. 

In (Maikov 2003) a difference between EB components of detached main se- 
quence systems and main sequence isolated stars (i.e., single stars and components 
of wide binaries) was discussed. Comparing the radii of eclipsing binaries components 
and single stars we have found a noticeable difference between observational param- 
eters of B0V-G0V components of eclipsing binaries and those of single stars of the 
corresponding spectral type. This difference was confirmed by re-analysing the results 
of independent investigations published in the literature. This difference explains a 
disagreement between published scales of bolometric corrections. 

Larger radii and higher temperatures of A-F eclipsing binaries can be explained 
by synchronization of such stars in close systems that prevents them to rotate rapidly. 
Observational selection effect can also cause such features: due to the non-spherical 
shape of rotating stars, the observed parameters depend on the line of sight; isolated 
stars are randomly oriented, but eclipsing binary components arc mainly observed from 
the equator. 

The smaller observational radii of B-type eclipsing binaries can be explained by 
the absence of stars with larger radii among detached main sequence pairs: the majority 
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of them filled their Roche lobe (that arrested their further growth in size) and became 
semi-detached systems (that excludes them from the statistics). 

So, we have found that the mass-luminosity relation based on eclipsing binary 
data cannot be used to derive the initial mass function of single stars. While our cur- 
rent knowledge of the empirical mass-luminosity relation for intermediate-mass (1.5 
to 10 m Q ) stars is based exclusively on data from eclipsing binaries, knowledge of the 
mass-luminosity relation should come from dynamical mass determinations of visual 
binaries, combined with spatially resolved precise photometry. Then the initial mass 
function should be revised for m > 1.5 m Q . 

It should also be noted that, at least for low-mass region, some stars do not sat- 
isfy the MLR. The multiplicity is one of the known explanation of a shift of stars 
from their normal positions in the mass-luminosity plane. Assuming that some "un- 
derluminous" low mass components of binaries arc unresolved binaries themselves, 
(Kovaleva and Maikov 1999) calculate the most probable mass and luminosity values 
of hidden components. Direction set methods of multidimensions was used for these 
purposes. 


4. Initial mass function construction and binarity of observational set 

The IMF is normally not corrected for the effect that many if not most stars occur in 
(unresolved) binary systems. What is usually observed is the luminosity function or an 
HR-diagram in which a point-like stellar object is taken to be a single star, although it 
may in fact be multiple. 

In (Maikov and Zinnecker 2003) we have carried out Monte Carlo simulations in 
which we generate a random pairing of objects drawn from a pre-assumed single star 
power-law IMF, which we call the fundamental IMF. We show how the mass function 
of primary stars, secondary stars and the mass function of the total mass of systems 
(if we could resolve them) differs from the underlying fundamental IMF for different 
slopes of this IMF (see Fig. 1). We also compare our results with the observed IMF, the 
binary frequency and the binary mass ratio distributions for field stars and conclude that 
the fundamental IMF of subsolar mass stars could be steeper than currently believed. 

In other words: the low-mass turn-over of the observed (apparent) IMF could be 
spurious, if the Main Sequence binary fraction of field stars is close to 100% (perhaps 
due to invisible companions). 


5. Conclusions 

We can make the following conclusions. 

• The effect of unresolved binaries leads to a deformation of luminosity function 
for faint (My > 13'") stars. It depends on assumptions about mass-ratio distribu- 
tion of unresolved binaries. 

• Unresolved binaries arc potential source of local missing mass. 

• One of the reasons of the low-mass mass-lumonosity relation (MLR) bias is un- 
resolved stellar multiplicity. 



62 


Maikov 




lg m 


Figure 1. Mass functions of primaries (curve 1) and secondaries (curve 2) of bi- 
naries, formed by random pairing of components from the fundamental power-law 
IMF (solid curve). A steeper slope of the curve 2 is a consequence of absence of 
massive stars among secondaries. Analogically, low-mass turn-over of the curve 1 
originates from the absence of low-mass stars among primaries. 


• For BOV-GOV stars: observational parameters of components of eclipsing bina- 
ries systematically differ from those of isolated stars. 

• Accurate observational data should be collected for visual binaries with mass m > 

1 .5m© (and/or observational data for eclipsing binaries should be corrected for all 
rotation and selection effects) to determine dynamic masses and luminosities of 
components and construct the MLR. Then the initial mass function should be 
revised 

• IMF of all components (i.e., fundamental IMF) differs from IMFs of primaries 
and secondaries. Power-law fundamental IMFs can lead to quasi-lognormal turnovers 
for the resulting observational mass functions. 

• Binary fraction of MS stars may not be very different from 100% 

Consequently, to make definite conclusions of the IMF shape, it is necessary to 
study binary population well enough to correct the luminosity function for unresolved 
binaries; to construct the mass-luminosity relation (in particular, of intermediate stellar 
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masses) based on wide binaries data, and, studying the observational IMF, to separate 
mass functions of primaries, of secondaries, of unresolved binaries, and the fundamen- 
tal IMF. 
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Abstract. In this paper we summarise main results of our investigations of Herbig- 
Haro objects and jets from young stellar objects using scanning Fabry-Perot etalon. 
This method allows to separate structures of various kinematical characteristics in the- 
ses objects. Our investigations focus on the separation and study of a different type 
inner structures in Herbig-Haro jets as bow-shocks, Mach disks and deflection shocks. 
To collate radial velocity and proper motion data, the new method of measuring the 
proper motions of spectrally separated structures using two epoch observations with 
Fabry-Perot was developed. This method allows to confirm presence of internal work- 
ing surfaces in the collimated jets. We suppose that characteristic knotty structures in 
the jets result of episodic velocity variations in the flows, which form internal work- 
ing surfaces in the flow. Observations were started at 2.6 m telescope of Byurakan 
Observatory and after were continued at 6 m telescope of SAO RAS. 

On the other hand, the compact emission structure near the source of FS Tau B 
flow system was recognised as the jet base with wider opening angle by comparison 
with the jet itself. This scenario was confirmed by spectra-polarimetric observations 
performed at 6m telescope. 


1. Introduction 

Jets from young stellar objects (Herbig-Haro jets) are highly collimated linear structures 
with characteristic knotty morphology, which sometime appear as a gently wiggling 
chains of compact knots (237). The mechanisms of formation of these knots are the 
subject of discussion during many years. Two competing theories for the origin of the 
knotty structure of jets remained now. On the one hand, a series of oblique, traveling 
shocks may be excited in the jet by various types of instabilities (221 ; 228; 234). On the 
other hand, variations in the velocity of the flow may generate internal working surfaces 
(e.g., 235; 225; 223; 236). These two models predict very different internal structures 
for the knots (e.g. .compare 228; 236). 

Detail investigation of terminal working surfaces (WS) revealed their complex 
nature. In the each WS two principal shock regions (217) arc formed, consisting of a 
low excitation "reverse shock" (Mach disk), which decelerates the supersonic flow, and 
a high excitation "forward shock (bow-shock)", which accelerates the gas in the ambient 
medium with which it collides (e.g., 222). Position-velocity diagrams obtained by long- 
slit spectroscopy indicate two radial velocity components in the WS. But, unfortunately, 
long-slit spectroscopy does not allow to investigate their morphological properties. The 
only way to study the morphology of spectrally separated structures is provided by 
various methods of panoramic spectroscopy. 
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Figure 1 . Superposition of two monochromatic images for HH 7 and HH 83 work- 
ing surfaces, which corresponds to high-velocity (grey scale) and low-velocity (con- 
toured) structures. 


Another problem is the collimation of flows and mechanisms of formation of such 
narrow jets. Observational data are contradictory and do not give a clear picture of this 
phenomenon, but give evidences of poor collimation in the distances of several hundred 
AU from source (233). 

Here we will present the data obtained by scanning Fabry-Perot etalon, using 2.6 
and 6m telescopes. Detail description of the methods and technique of the observations 
are presented in our previous papers (230; 231; 229). 

2, Results and Discussion 

2.1, Terminal and internal WS’s in the jets 

Scanning Fabry-Perot data show that the terminal WS is divided into two distinct veloc- 
ity components, which are well separated spectrally as well as morphologically. Good 
examples are WS’s of HH 7 and HH 83 (230; 232). In both cases the low radial velocity 
component has bow shape morphology and high velocity component is more compact 
(Fig. 1). This picture strongly supports the classical WS concept where an advancing 
bow shock is followed by a Mach disk through which the jet flow is halted by a reverse 
shock. 

Similar picture was observed in the knots of HL Tau jet. This flow consists of the 
high-velocity narrow jet with knotty morphology and the low-velocity bows, which arc 
visible only in Her and cross the jet axis, being located in front of the high-velocity knots 
(231). These structures differ not only by their radial velocity but also by excitation, 
because bow-shape structures arc visible only in Her emission and high-velocity knots 
arc much brighter in [S II] (231; 227). 

This picture strongly resembles the separation of bow-shock and Mach disk struc- 
tures in the terminal WS of the jets. But, for the jet knots even the doubtless splitting 
of two shocked structures both by radial velocity and by excitation leaves some uncer- 
tainty in choosing between the theoretical mechanisms of the knot formation. Here, in 
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Figure 2. Proper motions of the structures in the A, B, C, D, and E knots of HL 
Tau jet, corresponding to high (a) and low (b) radial velocities, are shown by the 
vectors, plotted on the images in Ha emission, which correspond to -150 km s' 1 
and -50 km s 1 , respectively. The scale of the vectors is indicated by the arrow at 
the top of the left panel. Rectangles show the areas used for the cross-correlation. 


our opinion, the proper motion values combined with the radial velocities can play the 
crucial role in clarifying of this situation. 

To measure proper motions (PM) of spectrally separated structures we use two 
epochs scanning Fabry-Perot observations separated to 6 years (2001-2007). The most 
interesting result is that the structural components with low and high radial velocity 
both have very similar values of proper motions (Fig. 2) (229). 

To analyse this picture we suggest to consider the each knot as the internal WS 
formed in a time-dependent flow, i.e. in the same way as the terminal WS with forma- 
tion of two principal shock regions. These data allow to obtain pattern and fluid speeds 
(219) of the structures in the jet. The pattern speed of these two structures should be 
the same, in contrast to the fluid speed of emitting particles. 

2.2. Deflection shock structures 

While the great paid of the shock waves in stellar jets arises from velocity variations in 
the flow, shocks also occur when the jet deflects from an obstacle along its path. In this 
case the shock appeal's as a steady-state feature visible mainly in Ha emission. Using 
two epoch observations with scanning Fabry-Perot etalon such features were found in 
two HH jets: HL Tau and FS Tau B. 

In the HL Tau jet the knot A shows very low tangential velocity by comparison 
with other knots (229). We inclined to believe that the tail of knot A represents a so- 
called deflection shock. Both its stationarity and excitation have a great similarity to the 
feature that was recently discovered in the HH 46/47 jet by Hartigan et al. (224) (com- 
pare their Fig. 14 and the Fig.4 from the paper of Krist et al. 227), which is considered 
by them as the deflection shock. 

More striking example of the stationary structure in flow is the bar-like feature in 
the FS Tau B jet. On the Fig. 3 two epoch images obtained with scanning Fabry-Perot 
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Figure 3. Two epoch (2001 and 2012) monochromatic images of FS TauB. Sta- 
tionary bar-like structure is marked with grey lines and the shift of knots is shown 
by arrows. 
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Figure 4. Position-velocity diagram of FS Tau B along the flow axis. 


etalon of the jet are presented. Shifts of some structures between two epoch images are 
obvious especially for the knots B (V f =430 km s _1 ), A2 (V,=260 km s -1 ), I (V f =330 
km s 1 ) and L (V,=290 km s -1 ). In the contrast of high values of PM in the knots 
of FS Tau B jet the bar-like structure, which is marked on the picture, does not show 
significant shift between two epoch images. As in the case of knot A in HL Tau jet and 
structure in HH 46 jet the bar-like structure is stationary over the period between two 
epochs of observations. This bar-like structure in FS Tau B jet is presumably formed 
in the region, where wide angle flow collides obliquely with the dense linear structures 
near the edge of an evacuated cavity. 

Method of two epoch observations with scanning Fabry-Perot etalon is the pow- 
erful technique for discovery and separation of various type of structures in jets from 
young stellar objects as Mach disks, bow-shocks, deflection shocks, intersecting shock 
waves, Mach stems, clumps and sheets. 


2.3. Base of the jet in FS Tau B flow 


FS Tau B is a bipolar Herbig-Haro flow from young stellar object, which is not di- 
rectly visible in optics but illuminates bipolar nebula similar to HH30 (226). In fact, 
it represents typical edge-on system. Observations with scanning Fabry-Perot etalon at 
6m telescope allow to investigate the kinematics of emission structures, as well as the 
width of emission line (Ha) in various structures. On the Fig. 3 the PV diagram of FS 
Tau B along the flow axis is presented with marked values of FWHM (in km s -1 ) along 
the outflow system. Emission line width is near the 100 km s _l in the knots of jet and 
counter jet, but strongly different in the position of reflection nebula and the source. In 
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the position of reflection nebula we observe two-component profile, which is typical 
for classical T Tau stars. In contrast, in the position of the source the single component 
emission with much higher line width (FWHM=200 km s _1 ) is detected, which is sim- 
ilar to edge-on young stellar systems (216). In fact, in FS Tau B system the reflection 
nebula works as a mirror located near the polar axis, but in the position of the source 
we observe typical edge-on spectrum. 

Emission near the source position can be caused by the reflection of stellar chro- 
mospheric emission and should be highly polarised as in reflection nebulae. But our 
spectra-polarimetric observations at 6m telescope do not confirm this scenario; this 
emission is not polarised, contrary to the reflected spectrum of the nebula. Conse- 
quently, this structure represents directly visible and very short jet base. Large line 
width can be the result of wider opening angle of the flow in the base of jet, which sup- 
ports the assumption, that flow is poorly collimated on the distances of several hundred 
AU from source. 


3. Conclusion 

1. Using Fabry-Perot spectra-imagery we were able to separate bow-shock and 
Mach disk structures in the WS of HH flows. 

2. New method of investigation of PM of spectrally separated structures allowed to 
illuminate the physical nature of inner structures in the jets. 

3. Internal working surfaces were found in HL Tau jet, which confirm the scenario 
of formation of knots by episodic velocity variations in the outflow. 

4. Analysing the proper motion values we have found deflection shock structures in 
HL Tau and FS Tau B jets. 

5. Emission structure near the source of FS Tau B represents the base of jet. Emis- 
sion line width indicates that the flow is poorly collimated on the distances of 
several hundred AU from source. 
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Abstract. The ultimate goal of exoplanetologists is to discover life outside our Earth 
and to fully understand our place in the Universe. Even though we have never been 
closer to attaining this goal, we still need to understand how and where the planets (effi- 
ciently) form. In this manuscript I briefly discuss the important role of stellar metallicity 
and chemistry on the formation and evolution of exoplanets. 


1. Introduction 

Ever since the first giant exoplanet was discovered orbiting a Sun-like star about twenty 
years ago (278), the search has been ongoing for small, rocky planets around other stars, 
evocative of Earth and other terrestrial planets in the Solar System. As of today, there 
are more than 3500 planets detected 1 and several thousand candidates (255) waiting for 
validation. These discoveries helped us to understand that extra-solar planets are very 
common in our Galaxy. The diversity of the discovered planets is astonishing, and most 
of detected planets brought us more questions than answers. While the Universe is full 
of surprises, we (exoplanetologists) are drawing closer to the answer to the most daring 
questions of humankind: are we alone in the Universe and what is our place in there? 
In fact, the last “simplistic” calculations 2 of Behroozi & Peeples (247) shows that the 
chance that we are the only civilization the Universe will ever have is less than 8%. 

In this manuscript first I start by briefly presenting how different arc the proper- 
ties of so- tar detected exoplanets and how the two completely (ideologically) different 
theories arc getting close to explain the formation and evolution of these planets. In 
the second paid of the paper I discuss the importance of chemical conditions of the 
environment where the exoplanets form. 

2. The zoo of exoplanets and their formation scenarios 

Among the few thousands of the detected exoplanets, we observed many words that 
arc very different from what we have in our Solar System and from what we could 
imagine. We observed a planet with an extremely eccentric orbit of 0.97 (HD20782b 
- 285), a planet in a circumbinary orbit surrounded by four suns (PHlb 3 /Kepler-64b - 


1 exoplanet. eu 

2 The authors did not consider requirements of individual elemental abundances for planet formation (e.g. 
243; 239). 

3 This planet was first discovered by two citizen scientists. 
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290), a dense “superplanet” 4 with a radius of only ~ 1R and mass of ~ 22M (CoRoT- 
3b - 258), a very hot planet with a surface day-side temperature of more than 9000 K 
orbiting its pulsating hot sun in less than six hours (Kepler-70b/KOI-55.01 - 254). The 
detection of these weird exoplanets 5 puts to shame many old science fiction stories and 
make harder the job of new science fiction writers. 



Period (day) 


Year of discovery 


Figure 1 . Left. The distribution of discovered planets in the period-mass diagram. 

Right : Mass of the known planets as a function of the discovery year. Different 
symbols represents planets discovered by different detection techniques. Some of 
the planets of our Solar System are shown for reference. 

The distribution of exoplanets in the period - mass diagram is shown in Fig. 1. 
First, the plot shows that different planet detection techniques occupy different regions 
of this diagram. Second, one can see that the detected planets, while being very diverse 
in their properties (see previous paragraph), are clustered in three main groups: hot- 
Jupiters (M p ~1-2M and P < 10 days), hot/warm super-Earths/Neptunes (M p ~ 1 0M (B 
and P < 100 days), and gas and ice giants (M p ~ I -2M and P ~ 1000 days). We note 
that this diagram is strongly constrained by the biases and detection limits of different 
techniques. In particular the detection limits of these techniques and current instrumen- 
tation is responsible for the empty bottom-right triangle of the figure. However, some of 
the observed features, such as the “period-valley” (a lack of giant planets with periods 
between 10-100 days: 296) or the sub-Jovian desert (a lack of sub-Jupiter mass planets 
at orbital periods shorter than 3 days: 294) are probably physical and give important 
insights for our understanding of exoplanet formation and evolution. For a recent ex- 
cellent review on the architecture of exoplanetary systems we refer the reader to Winn 
& Fabrycky (298). 

A logical question now to ask is how do these very different planets form? Cur- 
rently two main mechanisms are proposed for the formation of exoplanet that are con- 
ceptually different. In the so called core-accretion (CA) model low-mass planets form 
from the coagulation of very small solid bodies (286). If before the dissipation of the 


4 Note that this sub-stellar object can be a low-mass brown-dwarf. 

5 https ://en. wikipedia.org/wiki/List_of_exoplanet_extremes 
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protoplanetary disk, a core of about 5-10 M© is formed then, it can undergo runaway 
accretion of gas and form a giant planet. In the so called gravitational instability (GI), 
in the gaseous disk (usually massive and cold), localized instabilities collapse into giant 
planets (251). These two models have experienced substantial development and modi- 
fications, and the most recent and advanced ones (e.g. 284; 248; 275) include important 
phenomena such us pebble accretion (e.g. 272) and/or migration in the disk (e.g. 245). 
Planetary population synthesis calculations (271) based both on CA (e.g. 280; 269) and 
GI followed by tidal downsizing (TD - e.g. 260; 284) reproduce many of the properties 
of the observed exoplanets. We refer the reader to Mordasini et al. (281) for a recent 
review on the Global models of planet formation and evolution. 

3. Exoplanets and stellar metallicity 

The correlation between stellar metallicity and the occurrence rate of giant planets is 
a firmly established fact (e.g. 263; 289), however, the exact functional form of this 
dependence is not fully established yet (see left panel of Fig. 2; 282). This obser- 
vational result got its theoretical support first in CA (e.g. 280) and then in the TD 
(284) 6 . Despite the large amount of observational data, it is still not clear if the planet- 
metallicity correlation holds for low-mass/small-sized planets (see right panel of Fig. 2; 
291; 277; 297; 253; 300). This is probably because it is hard to detect these light plan- 
ets (especially at large distances) and it is very difficult to create a comparison sample 
of stars without low-mass planets. 



15 
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Figure 2. Left - Mortier et al. (282): Frequency of giant planets as a function of 
metallicity and mass of the HARPS + CORALIE sample. Different functional forms 
are shown in different colors . Right - Mayor et al. (277): The metallicity ([Fe/H]) 
distribution of stars hosting giant gaseous planets (black), planets less massive than 
30 M® (red), and for the global combined sample stars (blue). The latter histogram 
has been divided by 10 for the sake of visual comparison. 

The importance of metallicity is not only limited to the formation efficiency of 
planets. Metallicity also determines the maximal mass of the exo-Neptunes (256), the 


6 Note that most of the GI based models do not predict a strong correlation between giant planet frequency 
and metallicity (e.g. 251). 
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presence or absence of gaseous atmosphere of small-sized planets (257), and the mass 
of the core (heavy elements) of giant planets (e.g. 279). 



Distance (AU) 

Figure 3. The orbital semi-major axis of low-mass and small-size planets orbiting 
FGK dwarf stars. Planets detected by the RV and Transit techniques are shown with 
filled circles and empty star-symbols, respectively. Blue color corresponds to planets 
orbiting metal-rich stars ([Fe/H] > -0.1) and red color corresponds to planets around 
metal-poor stars ([Fe/H] < -0.1). The habitable zone (274) for stars of different 
masses is highlighted by blue shade. 

It is also interesting to note that the final orbital separation of planets shows a 
dependence on metallicity of the system (241; 246; 283; 238). Adibekyan et al. (238), 
based on the previous results that low-mass and small-sized planets orbiting around 
metal -rich stars do not have long orbits (241), suggested that planets in the “habitable 
zone” should be preferentially less metallic than our Sun. Fig. 3 shows the orbital 
distance of low-mass (detected with RV) and small-radius (detected by transit method) 
planets against the mass of their host stars. The plot is based on the data of Adibekyan et 
al. (238) and illustrates their findings. Here we should note that (283) observed several 
Kepler planet candidates orbiting their metal-rich stars at long periods 7 . However, they 
also observed that the planet occurrence rate is two times higher for metal-poor systems 
when compared to the systems with super-solar metallicities. 

4. Exoplanets and stellar chemistry 

In stellar astrophysics, the iron content is usually used as a proxy for overall metallicity 
and most of the aforementioned studies followed this trend. Several works, however, 
searched for chemical peculiarities of planet hosting stars in terms of abundances of 
individual elements. While many contradictory results can be found in the literature 
(e.g. 249; 287; 252; 292; 293), the enhancement of a-elements of iron-poor planet 
hosts was shown to be robust (270; 273; 240; 243). Interestingly, Adibekyan et al. 


7 Note that the sample of (283) consists of Kepler planet candidates and not only confirmed planets. 
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(240) showed that even low-mass/small-radius planets show a-enhancement at low- 
iron regime. The right panel of Fig. 3 depicts the a-enhancement (here Si abundance 
is used as a proxy for a-elements) of iron-poor planet hosts for the HARPS sample 
of Adibekyan et al. (244). The enhancement in a-elements relative to iron is typical 
for the thick disk stars (e.g. 261; 242). In fact, the HARPS data suggests that the 
planet formation frequency is about 5.5 times higher in the thick disk (12.3±4.1%) 
when compared to the Galactic thin disk (2.2±1.3%) in the metallicity range of -0.7 < 
[Fe/H] < -0.3 dex. 

Gonzalez (264) recommended to use a so-called refractory index “Ref”, which 
quantities the mass abundances of refractory elements (Mg, Si and Fe) important for 
planet formation, rather than [Fe/H]. The importance of this index increases in the Fe- 
poor region (244; 266) when one compares statistics of planets around the thin disk and 
thick disk stars. 


<D 

LL 

(75 


-o.i o.o o.i 

[Mg/Si] 


- 0.4 - 0.2 0.0 0.2 

[Fe/H] 



Figure 4. [Si/Fe] versus [Mg/Si] and [Si/Fe] versus [Fe/H] for stars with and with- 
out (gray dots) planets. The red squares refer to the Jovian hosts and the blue circles 
refer to the stars hosting exclusively Neptunians and super-Earths (M < 30 M®). 
Three stars that are hosting low-mass/small-radius planets with precise radius and 
mass determinations are presented with a symbol of star (288). The position of the 
Sun is marked with the modern sun symbol. 


The studies of individual heavy elements and specific elemental ratios in stars 
with planets are very important because they are expected to control the structure and 
composition of terrestrial planets (e.g. 268; 250; 295; 259). In particular, Mg/Si and 
Fe/Si ratios are important to constrain the internal structure of terrestrial planets (259). 
Recently, Santos et al. (288) tested these models on three terrestrial planets (see Fig. 3) 
and showed that the iron mass fraction inferred from the mass-radius relationship is 
in good agreement with the iron abundance derived from the host star’s photospheric 
composition. 
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5. Exoplanets and Galactic chemical evolution 

As discussed in the previous sections exoplanet formation efficiency, the type of the 
planets formed and their orbital characteristics depend on metallicity and chemical con- 
ditions. Putting all these results together one can reach to an interesting conclusion (or 
perhaps a speculation): i) Planets orbiting their stars in the circumstellar habitable zone 
have sub-solar metallicities (Fig. 3). ii) These iron-poor stars arc usually enhanced in 
G'-elcmcnts (i.e. high Si/Fe ratio) and at the same time have high Mg/Si ratio (Fig. 3). 
iii) High [Mg/Si] and low [Fe/Si] abundance ratio should produce a planet of a com- 
position and structure that is different than ours (259). Metallicity and abundance of 
different elements important for planet formation varies with time and location in our 
Galaxy and in Universe in general. Several studies during the last decade tried to predict 
prevalence of terrestrial planets in our Galaxy and in the so called “Galactic habitable 
zone” 8 (e.g. 276; 267; 265; 262). Some other studies extended these works to the ob- 
servable Universe (e.g. 247; 299). We refer the reader to these interesting works for 
more information and details about the recent interpretations of evolution of life across 
space and time. 


6, Conclusion 

Formation efficiency, composition, structure, and even “habitability” of planets depend 
on the chemical conditions of the environment they form i.e. time and place in the 
Galaxy. 
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Abstract. We report the discovery of a strong outburst of the embedded young stel- 
lar object (YSO), namely UKIDSS-J185318. 36+012454. 5, located in the star-forming 
region associated with IRAS 18507+0121 source and GAL 034.4+00.23 HII region. 
According to the near and mid-infrared colors and spectral energy distribution fSED), 
we classify the object as an intermediate mass young stellar object (YSO) with Class 
0/1 evolution stage. The outburst occurred in the period of 2004-2006. The amplitude 
of brightness is as least Ks = 5.0 mag. The summation of the photometric and spectral 
data does not allow to classify UKIDSS-J185318.36+012454.5 as FUor or EXor. We 
can consider it as an eruptive variable with mixed characteristics or MNor type object. 


1. Introduction 

Eruptions of pre-main sequence (PMS) stellar objects are rare events, thus a new out- 
burst is always noteworthy. This topic always has been in the spotlight of observers and 
theorists. Historically eruptive variables have been classically divided into two sub- 
classes, namely, FUors and EXors. FUors eruptive variables show a larger increase of 
luminosity (up to 6 magnitudes) and slow decay over (> 10 yrs) (318). This class of 
objects generally displays strong CO and H20 absorption and mostly lack of emission 
lines in their infrared spectra. EXors type variables have recurrent short-lived (as rule < 
lyr) outbursts (319). In contrast with FUors a strong Bry and CO emission is dominated 
during the outburst in an infrared spectrum of EXors. These optically defined classifi- 
cation does not include younger embedded protostars that have higher accretion rates 
and a mixture of characteristics for which a relatively new label "MNOrs" is proposed 
(309). 

Eruptive variables have always been the focus of researchers of Byurakan Ob- 
servatory. Among the EXors and FUors which have been discovered and studied in 
Byurakan we can note V 1 143 Ori (330), Braid Nebula (329; 325), V2494 Cyg (324). 

Now we report the discovery of a new embedded eruptive variable YSO UKIDSS- 
J1 853 18.36+2454.5 (DR6 release of UKIDSS GPS survey). The stellar object is lo- 
cated in the massive star-forming region associated with IRAS 18507+0121 source and 
UC HII region G034.4+00.23 (326). UKIDSS-J185318.36+2454.5 is also identified in 
the RMS archive as G034.4035+00.2282A (323). Continual dust emission, traced by 
millimeter and submillimeter images, revealed in this star-forming region the compact 
clumps, which named MM1-MM4 (332). One of them, MM2, coincides with IRAS 
18507+0121 star-forming region. The study of the stellar population identified in this 
star-forming region some massive protostars with an age ~ 10 5 years, as well as a low- 
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mass stellar population with age ~10 6 years (340). The authors suggest that the stars 
in this region may have formed in two stages: first, lower mass stars were formed and 
then more massive stars began to form. UKIDSS-J1853 18.36+012454.5 is located at a 
distance ~3 arcsec to the NW direction from the luminous of them (IR source #54 from 
Shepherd et al. (339)). In the immediate vicinity of the IRAS 18507+0121 source, 
the compact group of YSOs (including UKIDSS-J185318. 36+012454.5) was revealed 
(328; 305). 

For identification and study of the eruptive variable UKIDSS-J1 853 18.36+2454.5, 
we acquired the archival infrared and submillimeter data and images from UKIDSS 
GPS, ESO, Spitzer Science and RMS archives, 2MASS, DENIS, AKARI and Hi-GAL 
surveys, as well as from data presented in Cooper et al. (311) and Varricatt et al. (342). 

2. Results 

2.1. Luminosity variability 

The photometric data and images of UKIDSS-J185318. 36+012454.5 in near- infrared 
bands taken in different epochs are presented in Table 1 and Fig. 1 respectively. They 
testify, that the stellar object was not identified in 2MASS and DENIS surveys. There- 
fore, its brightness in 1999 and 2000 years was fainter than 18 mag in the Ks band. 
Additionally, it is necessary to note, that on K image in Shepherd et al. (339) obtained 
in 1999 the object also was invisible. On the Ks images obtained with higher sensitiv- 
ity on UKIRT in 2003, the stellar object is barely noticeable as the nebulous knot, the 
surface brightness of which does not exceed 18.5 mag. Then, during 2003-2006 the 
luminosity of the object strongly increased, at least on 5 mag in Ks band and reach ~ 
13.75 mag. The object’s brightness remained practically unchanged until 2011. 


Table 1 . NIR photometric data 


Source 

Date of obs. 

H [mag] 

Ks [mag] 

2MASS 

1999-08-10 

— 

- 

DENIS 

2000-07-03 

- 

- 

Varricatt et al. (342) 

2003-05-27 

- 

Ks > 18.5 

DR6 UKIDSS GPS 

2006-06-01 

17.07 + 0.04 

13.76 + 0.01 

Cooper et al. (311) 

2007-06-02 

17.20 + 0.30 

13.76 ± 0.08 

SOFI (ID 083.C-0846) 

2010-06-05 

- 

13.68 + 0.10 

DR9 UKIDSS GPS 

2011-08-11 

- 

13.75 ± 0.03 


In order to make sure that such significant increase in the brightness of this embed- 
ded stellar object is not conditioned by the variability of the extinction along the line 
of sight, we determined the Ks magnitudes of stars, located in the immediate vicinity 
from UKIDSS-J185318. 36+012454.5. They are marked on Fig. 1. All objects iden- 
tified in Shepherd et al. (339) and UKIDSS GPS survey. Besides magnitudes from 
UKIDSS GPS database, we determined their Ks magnitudes on image, which is pre- 
sented in Varricatt et al. (342). Between these epochs, the significant brightness in- 
creasing of UKIDSS-J185318. 36+012454.5 was detected. The brightness variability 
of nearby stars is not significant and does not exceed ~ 0.5 mag. It can be seen as an 
argument in favor of the fact that such a significant brightness increasing of UKIDSS- 
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J 1 853 18. 36+012454. 5 did not occur due to the extinction variability of the surrounding 
gas-dust matter. Moreover, AK w 5 mag requires AAv ~ 50 mag, that is unlikely. Hence, 
we can consider UKIDSS-J185318. 36+012454. 5 as an eruptive variable. 



RA (2000) RA (2000) 

Figure 1. The images of UKIDSS-J 1853 18.36+012454.5 in different wave- 
lengths: Ks band from Varricatt et al. (342) (left top), Ks band from DR6 UKIDSS 
GPS (right top), [3.6] pm band from GLIMPSE I survey (left bottom) and [5.8] pm 
band from GLIMPSE I survey (right bottom). The position of IRAS 18507+0121 
source from IRAS PSC and IRAS PSC/FSC Combined Catalogue (301) marked by 
black and white crosses respectively. On DR6 UKIDSS GPS Ks image are marked 
three stellar sources (43, 49 and 54, (339)). 

This conclusion is also confirmed by mid-infrared photometric data presented in 
Table 2 (see also Fig.l). The first measurement was obtained in 2004, before the out- 
burst detection in the K band. After, the photometric data cover a later period from 2012 
to 2014 and indicate the brightness increasing at ~ 1 mag in [3.6] pm and ~ 0.5 mag 
in [4.5] pm bands. We do not consider the MIPSGAL 24 pm data because the located 
in the immediate vicinity G034.4035 +00.23 H II region is saturated, as the majority of 
RMS sources, that does not allow to do photometric measurements. It should be noted, 
that all photometric data, which cover a period from 2006 to 2014, show that within the 
error bar, the brightness of object remained practically at the same level, undergoing 
only the insignificant fluctuations. 

Unfortunately, the spatial resolution of longer wavelengths images do not allow 
doing exact measurements of UKIDSS-J185318. 36+012454. 5’s fluxes in different wave- 
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Table 2. MID IR photometric data 


Source 

Date of obs. 

[3.6] [mag] 

[4.5] [mag] 

[5.8] [mag] 

[8.0] [mag] 

GLIMPSE 

2004 

11.55+0.35 

9.62+0.18 

7.8+0.01 

6.65+0.09 

DEEP GLIMPSE 

2012 

10.56+0.11 

9.10+0.04 

- 

- 

DEEP GLIMPSE 

2012 

10.56+0.11 

9.10+0.04 

- 

- 

AOKEY 4218976 

2012-06-09 

10.35+0.30 

9.04+0.20 

- 

- 

AOKEY 10291200 

2012-11-16 

10.54+0.30 

9.10+0.20 

- 

- 

AOKEY 42728960 

2014-12-13 

10.24+0.30 

9.41+0.20 

- 

- 


lengths and epochs. For example, on Fig. 2 the overplots of image in Ks band (UKIDSS 
GPS) and isophots of sources from MSX (2 1 pm) and WISE 4 (22 pm) surveys are pre- 
sented. These sources virtually cover the central part of MM2 clump (332), which 
includes a number of young stellar objects overlie the UC HII region produced bright 
diffuse emission in mid and far-infrared bands (339; 340; 323). Therefore, it is not 
possible to determine the exact values of fluxes in different wavelengths separately for 
the object being studied. The effect of UKIDSS-J1 853 18. 36+012454. 5 outburst on the 
total flux in the longer wavelengths can be insignificant. Nevertheless, we compared 
the broadband SEDs of data obtained before 2003 and after 2006 year. For the ear- 
lier epoch, before outburst, we used MSX (1996), IRAS (1983), SCUBA (2000) and 
SIMBA/MAMBO (2001-2002) survey’s data, which cover the wavelength range from 
8 pm to 1.2 mm. For the later period, after the outburst, WISE 12 pm and 22 pm 
(2010), AKARI (2007), MIPS 70 pm (2010), ATLASGAL (2007), BGPS (2007) and 
Hershel PACS (2011) were used. They cover practically the same wavelength range 
from 9 pm to 1 . 1 mm. Between the integral fluxes obtained in different epochs there 
is an insignificant difference. In total the flux of later period increased by 10 percent, 
that only slightly exceeds or comparable the error bars of mentioned above photometric 
data and it cannot be regarded as a clear evidence of the outburst. 

The effect of UKIDSS-J185318. 36+012454. 5 outburst on the total flux from HII 
region is more noticeable in comparing the data obtained in different epochs from rela- 
tively equivalent wavelength ranges and bean sizes or equivalent radiuses, such as MSX 
E and WISE 4 fluxes. The flux of MSX E band (21 pm, a bean size is 18.3 arcsec) is 
13.6 ± 0.8 Jy. The flux in WISE 4 band (22 pm, a bean size is 12 arcsec) is 17.6 ± 
0.2 Jy. The offset between the coordinates is ~ 1 arcsec. Thus, the flux on 21 - 22 pm 
increased by ~ 4 Jy during the period 1996 - 2010. In this regal'd, we would like to draw 
attention to yet one fact. According to the RMS survey with MSX source associated 
G034.4035+00.2282 HII region and two, identified in UKIDSS GPS, YSOs. One of 
them is UKIDSS-J185318. 36+012454. 5 or G034.4035+00.2282A. By the authors of 
Lumsden et al. (323), its fraction in the total luminosity in MSX wavelengths is ~ 0.2. 
For WISE 4 band it equals to 3.5 Jy, that is comparable with the difference between the 
fluxes. This enables to suggest, that the flux increasing is mostly due to the outburst. 

The increase in brightness can be seen also in a longer wavelengths bands. The 
flux in SCUBA 850 pm (R^y = 52 arcsec) is 21.7 + 4.3 Jy and in ATLASGAL 870 pm 
(Rgy = 40 arcsec) is 40.5 ± 6.4 Jy. The offset between peak coordinates is ~ 5.5 arcsec. 
Note, that the peak fluxes in both databases are the same and equal to 7.4 Jy/beam. 
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Nevertheless, from our point of view, the rising of the submillimeter flux, integrated 
with such a large area, can only be regarded as an indirect evidence of the outburst. 



RA (2000) RA (2000) 


Figure 2. The overplots of Ks band image with isophots of MSX 21 pm (left), 
WISE 22 pm (right). 


2.2. Spectral properties 

In Cooper et al. (311), the results of UKIDSS-J185318. 36+012454. 5 K band spec- 
troscopy are presented. The observation was carried out after an outburst in 2007. The 
spectral data show the presence of H 2 2.1218 pm and CO emission. The emission of 
Br series lines, as well as He I 2.0587 pm emission, is below the limit of the detection 
sensitivity. 

The main spectral properties of FUors, which have a higher rise of luminosity and 
longer duration outbursts, generally display strong CO absorption and mostly lack of 
emission lines in their infrared spectra. EXors type objects, which have not so strong 
brightness increasing and shorter outburst duration, show strong emission of HI recom- 
bination lines, as well a CO emission during the outburst. The rise of luminosity (AK 
> 5 mag), outburst duration (near and mid-infrared luminosity shows only slight fluc- 
tuations during about 8 years), as well as lack of Br series lines correspond to FUors. 
On the other hand, CO emission is the one of the main characteristics of EXors. In this 
regard, we would like to note the following. Among the 19 eruptive variables from the 
list in Contreras Pena et al. (310), only in four cases Br series lines are not detected 
(VVV v322, 717, 721 and 815), but in contrast to our object, in the spectra of the first 
three objects CO observed in absorption. In spectra of the fourth, VVV v815, CO band 
observed neither emission, nor absoiption. Thus, the spectral features of the objects 
have mixed characteristics of both, FUors and Exors. 

2.3. The evolution stage 

Fig. 3 shows the two-color diagrams where the positions of UKIDSS-J185318.36+ 
012454.5 according to its near and mid-infrared photometric data obtained in 2004 and 
after 2006 (see Tables 1 and 2) are marked. The position of the object on the [3.6] — [4.5] 
versus [5.8]— [8.0] colors diagram allows to classify the objects as Class 0/1 YSO (317). 
After brightness increasing in the mid-infrared range [3.6] -[4.5] color becomes bluer, 
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that is reflected on K-[3.6] versus [3.6]— [4.5] colors diagram. On this diagram, the 
object occupied the position of Class I YSOs. 

For comparison, on the diagrams the positions of other eruptive variables arc 
marked. The colors of our object are comparable with those of the deeply embedded 
outburst stellar - sources AR6B, 00 Ser and GM Cha (304; 320; 331), which, according 
their SEDs, classified as Class I eruptive variable YSOs (314). In addition, the posi- 
tions of deeply embedded eruptive variables GPS V3, VVVv20, and VVVv815 which 
are also classified as Class I YSOs with age ~10 5 year's (309; 310) are marked on the 
diagram. Notice, that VVVvll8 with age ~10 6 year's and nor surrounded by a cool 
envelope V733 Cep (333) occupy the position of Class II PMS objects. 



Figure 3. The classification of UKIDSS-J 1853 18. 36+012454.5 and other eruptive 
variables using near and mid-infrared measurements. In the left panel, the rectangle 
marks the domain of Class II sources. The Class I domain is above and to the right 
(302). In the right panel the colors are separated into Class I and II domains by the 
diagonal dashed line (316). Arrows show extinction vectors for A v = 30 (334; 312). 

The position of UKIDSS-J 1853 18. 36+012454. 5 marked by a star. On the right panel 
the average of the magnitudes from Table 1 and 2 are used. The error bars are equal 
to the standard deviation. 

The estimations of an interstellar extinction (A v ) value in G034.4035 +00.2282 Fill 
region vary from Av=20 mag (339) to Av=29 mag (according to the COBE/DIRBE 
and IRAS/ISSA maps in Schlegel et al. (336)). According to the data of observations 
in C 18 0 line N //2 = 2.4 x 10 22 (344) and conversation factor between column density 
and an interstellar extinction N #2 = 9.4 • 10 2 0 enf 2 Av/mag Av = 25.5 mag (Rv = 3.1, 
(307)). Apparently, Av~30 mag is the upper limit of extinction in this region. Note, 
that even we take into account the upper limit of interstellar extinction the colors of 
UKIDSS- J1853 18.36+012454.5 are complied the Class I YSOs. 

Combining all the available near- and mi d-infrared measurements (H, K, [3.6], 
[4.5], [5.8], [8.0] and WISE 4), we have constructed the SED of UKIDSS-J185318.36 
+ 012454.5, plotted in Figure 4. For the flux on 22 /mi, we use the difference between 
fluxes of MSX E and WISE 4 bands. The SED of our object is exceptionally red in 1.5 
to 5 pm region, with H-[4.5] ~ 8 mag. At longer wavelengths (from 5.8 to 8.0 /mi, 
before the brightening in mid-infrared) the SED of the object becomes roughly flat. For 
comparison, the SEDs of other Class I embedded eruptive variables (OO Ser, GM Cha 
GPS V3 and VVV v815) are plotted in Fig. 4. In a mid-infrared region the SEDs’ shape 
of GM Cha, GPS V3 and VVV v815 are similar - to UKIDSS- J1853 18.36+012454.5. 
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But at longer wavelengths, towards to 22 pm, their SEDs decline, that is due to lack 
of cold dust emission. This characteristic is observed in EXors in outburst phase and 
explained as arising from a hot inner disk. In long wavelengths range, the SED of 
UKIDSS-J1 853 18.36+012454.5 is comparable with other embedded eruptive variable 
00 Ser. The slope of SED for 4.5-22 pm interval for UKIDSS-J1 853 18.36+012454.5 
is 1.9 and for 00 Ser is 1.7. For both objects, the photometric data of these bands 
obtained after the outburst. Note, that according to the data presented in Gramajo et al. 
(314) the disk mass accretion rate value of 00 Ser is the highest of all Class I FUors. 
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Figure 4. The SEDs of UKIDSS-J185318.36+012454.5, OO Ser, GM Cha, GPS 
V3 and VVV v815 eruptive variables. For UKIDSS-J185318.36+ 012454.5 all the 
photometric measurements from Tables 1 and 2 are marked. For 22 pm the differ- 
ences of fluxes of MSX E and WISE 4 bands were used, which obtained before and 
after an outburst (a more detailed description is given in the text). 


2.4. SED fitting analysis 

Thus, according to the near and mi d-infrared photometric data the stellar object UKIDSS 
-J1 853 1 8.36+012454.5 can be classified as YSO with Class 0/1 evolution stage and 
~10 5 years age (322; 303). Its evolution stage and location toward the direction to 
the central part of the MM2 clump of the G034. 4035 +00.2282 HII region, where it 
was revealed a number of protostars with ~ 10 5 years age (339), suggests, that the 
object belongs to this star-forming region. The estimations of the distance to this star- 
forming region are controversial. The trigonometric maser parallax distance determined 
in Kurayama et al. (321) is equal to 1.56 kpc. The estimations of a kinematic distance 
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considerably exceed the previous value and vary from 3.7 kpc (341) to 3.9 kpc (327). 
Although a parallax measurement would seem to be more reliable distance determina- 
tion, Foster et al. (313) suggested that the parallax determinations to the same sources 
arc incorrect because of the low declination of this target. All this greatly complicates 
the classification of the studied variable YSO. 

To provide a rough estimation of the basic parameters of the object being studied, 
we used the SED fitting tool of Robitaille et al. (335). For the SED fits, as in section 
2.3, we used the average near- infrared photometric data from Tables 1, average magni- 
tudes of [3.6] and [4.5] bands obtained after brightening (after 2004, see Table 2) and 
magnitudes of [5.8] and [8.0] bands obtained in 2004. For flux on 22 pm, we use the 
difference between fluxes of MSX E and WISE 4 bands. The SED fitting tool might not 
be able to give the distinct information for highly variable sources. In addition, the near 
and mid-infrared photometric measurements are not contemporaneous. To minimize 
the problem, 10 percent uncertainty was assumed for each band. Since we have not re- 
liable information about the long wavelength range, we fix the distance ranges from 1.2 
to 1.8 kpc and 3.0 to 5.0 kpc for the near and far estimations of distance respectively. 
As mentioned above, the value of the interstellar extinction (Av) from different sources 
varies from 20 to 30 magnitudes. We used some wider range from 10 to 40 magnitudes 
for both cases. Table 3 shows the results obtained after using the SED fitting procedure. 


Table 3. Parameters derived from Robitaille et al. (335) models SED fitting 


Parameters 

D= 1.2-1. 8 kpc 
X 2 best= 3-4 

X 2 -X 2 best< 3N 

D=3. 0-5.0 kpc 
X 2 best= 5.83 

X 2 ~X 2 best< 3N 

Av (mag) 

25.4 

29.8+4.0 

25.4 

29.0+4.0 

D (kpc) 

1.32 

1.47+0.19 

3.12 

3.94+0.55 

Age (10 5 yr) 

0.64 

0.74+0.33 

0.24 

1.55+0.8 

Stellar mass (M Q ) 

3.88 

3.97+0.60 

7.52 

7.44+1.02 

T (K) 

4430 

4470+670 

4530 

8790+2287 

Total luminosity (L Q ) 

111 

158+36 

547 

1170+304 

Disk accretion rate 
(1(T 5 M 0 yr 1 ) 

3e-4 

0.15+0.12 

1.3 

1.0+1.34 

Envelope infall rate 
(1(T 5 M 0 yr 1 ) 

7.46 

7.99+3.90 

8.84 

16.7+13.9 


To identify the representative values of different physical parameters the tool re- 
trieved the best fit model and all models for which the differences between their 
values and the best y 1 were smaller than 3N, where N is the number of the used data 
points (as suggested in Robitaille et al. (335)). Table 3 shows the values for different 
parameters corresponding to models with x^best, as we ll as the weighted averages and 
the standard deviations of values for all models with y 2 -y 2 best <3N. The number of 
such models for each target is called the fitting ’’degeneracy”. It is equal to 259 and 246 
for near and far distance estimations respectively. Note, it is not always the best fitting 
model actually represents the data very well (315). For far valiant, the estimations of 
the age, temperature and total luminosity of the model with the best^f 2 are significantly 
less, than the weighted average value for models with x 2 ~x 2 be.xt < 3N. The situation is 
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similar to the value of a disk accretion rate for near distance. The value of best fitting 
model is - I O ’ times less than the weighted average. 

As expected, the mass estimations according to the SED fitting tools for two vali- 
ants of distance significantly differ. However, in both cases we can classify UKIDSS- 
J 1 853 1 8.36+012454.5 as intermediate mass YSO with age ~ 10 5 years. Even in the 
first case (near variant) the object exceeds by mass all Class I FUors from the list in 
Gramajo et al. (314). The ratio between the mass, total luminosity, and age of our ob- 
ject, as well as the disk and accretion rates, within the error bars, correlates well with 
the several embedded eruptive variable YSOs presented in Contreras Pena et al. (310). 
There arc objects VVV v20 and v815 for nearer valiant and VVV v405, v473 and v800 
for more distant. Note, that comparatively the same relationship between the envelope 
and disk accretion rates also determined for L155 1 IRS 5 and GM Cha infrared eruptive 
variables (314). 

The value of interstellar extinction (Av) is correlated well with the previous esti- 
mations. 


3. Discussion 

The analysis of archival data allows to reveal the new variable stellar object UKIDSS- 
J 1 853 1 8.36+012454.5. The object, according to the near and mid-infrared colors and 
SED, is YSO with Class 0/1 evolution stage. It is located in the massive star-forming re- 
gion associated with G034.4+00.23 UC HII region and IRAS 18507+0121 source. On 
the near-infrared images obtained in 1999, 2000 and 2003 years, the object was indis- 
tinguishable. Then, since 2006 the brightness of objects was drastically increased. The 
amplitude of the brightness increasing during 2003-2006 was as least Ks = 5.0 mag. At 
this level of brightness, with insignificant fluctuations, UKIDSS-J185318. 36+012454. 5 
remained at least until 2011. Note, that even after outburst, it is invisible in J band. The 
earliest mi d-infrared images of the object were obtained in 2004. The subsequent ob- 
servations during the period of 2012 - 2014 showed that the brightness of the object 
increased on ~ 1 mag in [3.6] band. The brightness variability in [4.5] band signifi- 
cantly lower and does not exceed 0.5 mag. The variability of brightness is detected and 
in longer wavelengths. The flux of associated with G034. 4+00.23 UC HII region WISE 
4 source (2010) increased compared with MSX E source (1996) on -4 Jy. 

Several physical mechanisms, such as rotation, cool or hot spots (338) accretion 
driven wind and outflow (306) can explain the near-infrared variability observed in 
YSOs. However, these mechanisms often produce short-term variability with ampli- 
tude, that is not expected to exceed 1 mag in K band. The same physical processes 
produce the variability in mid-infrared bands (343). But, as a rule, this kind of variabil- 
ity does not exceed 0.6 mag. Therefore, the infrared variations larger than 1 mag arc 
usually associated with eruptive variability (337). Changes in the extinction along the 
line of sight can produce larger changes in the magnitudes and on longer time scales 
(308). But the brightness variability of nearby star's is not significant and does not 
exceed ~0.5 mag. It can be seen, as an argument in favor of the fact that such a sig- 
nificant brightness increasing of UKIDSS-J185318. 36+012454. 5 did not occur due to 
the extinction variability. Hence, we can consider UKIDSS-J185318. 36+012454. 5 as 
an eruptive variable. The increase of a brightness, taking into account the photomet- 
ric data in both near - and mid-infrared ranges, is likely to happen between 2004 and 
2006. Note, that Scholz et al. (337) concluded, that the objects may be candidates of 
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the eruptive variables, than the brightness at 3.6 and 4.5 pm bands is increased by at 
least 1 mag. Really, the brightness increasing in [3.6] band is ~1 mag, but in [4.5] band 
is lower, only ~0.5 mag. One can assume, that the Spitzer IRAC photometric data of 
2004 obtained during the outburst. 

The outburst duration with only slight fluctuations in near and mi d-infrared bands 
allows to classify UKIDSS-J185318. 36+012454. 5 as an eruptive variable of FUor type. 
But this classification is not entirely consistent with spectral properties. The spectral 
observations carried out after the outburst in 2007, shows only the presence of H2 
2.1218 pm and CO emission (311). Note, that one of the basic characteristics of FUor 
type objects is a CO absorption band (318). On the other hand, in the spectrum of 
our object the emission of Br series lines arc below the limit of detectorSs sensitiv- 
ity. The absence of FTI recombination lines is typical for FUor type objects. As a 
rule, in the spectra of the EXos type objects the emission of FTI recombination lines 
is observed (319). In this regal'd, we can only offer the following explanation. Ac- 
cording to the data presented in Shepherd et al. (340) the G034.4+00.23 MM2 clump, 
where UKIDSS-J1 853 18.36+0 12454.5 is located, is a source of the massive outflows 
observed in millimeter and mi d-infrared wavelengths. It is not excluded that CO ab- 
sorption of the stellar object is masked by very strong outflow emission. A similar 
situation is observed in the optical range in the spectra of FUor type object V2494 Cyg, 
where Ho absorption is masked by very strong and broad jet emission. However, the 
summation of the photometric and spectral data does not allow to classify UKIDSS- 
J 1 853 1 8.36+012454.5 as FUor or EXor. We can consider it as an eruptive variable 
with mixed characteristics, namely, MNor. 

Contradictory estimations of the distance of the star-forming region to which, 
probably, the object belongs, complicate the determination of its mass and luminos- 
ity. However, for both distance estimations (the trigonometric maser parallax distance 
is 1.56 kpc and the kinematic distance is 3.7 - 3.9 kpc) we can classify UKIDSS- 
J 1 853 18. 36+012454. 5 as intermediate mass YSO with age - 10 4 5 years according to 
the SED fitting tool. The ratio between the mass, total luminosity, and age of the ob- 
ject, as well as the disk and accretion rates, within the error bars, correlates well with 
the several embedded eruptive variable YSOs presented in Contreras Pena et al. (310). 


4. Conclusion 

On the basis of the infrared data and images, we have revealed the new eruptive vari- 
able UKIDSS-J185318. 36+012454. 5. According to the near and mid-infrared colors 
and SED of the object, we can classify it as YSO with Class 0/1 evolution stage. It is 
located in the vicinity of IRAS 18507+0121 source and probably belongs to the mas- 
sive star-forming region associated with GAL 034.4+00.23 HII region. The outburst 
occurred in the period of 2004-2006. The amplitude of brightness is at least Ks = 5.0 
mag. At this level of brightness, the object remains at least until 2014. The spectral 
observations carried out after the outburst shows the presence of H2 2.1218 pm and 
CO emission. The emission of Br series lines is below the limit of detectorSs sensi- 
tivity. The summation of the photometric and spectral data does not allow classifying 
UKIDSS-J185318. 36+012454. 5 as FUor or EXor. We can consider it as an eruptive 
variable with mixed characteristics or MNor type object. According to the data ob- 
tained by SED fitting tool, UKIDSS-J1853 18.36+012454.5 is an intermediate mass 
YSO with age - 10 5 years. 
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Abstract. On the basis of UBVR photometric data, obtained in the Abastumani 
Observatory during 1991-1999, very interesting and unusual flare of EM Cep has been 
revealed. Duration of the flare was over two hours. We estimated the percentage of 
brightness increase during the flare and brightness decrease of the corresponding anti- 
flare and the minimum amount of the lost mass during this event. 

We have solved the light curves of the star using the Wilson-Devinney code. But 
the resulting fraction of calculated brightness of the companion star was not in accor- 
dance with spectral data. Then we decided to check the idea of a pulsating single star 
using new spectral data. Together with our Buyrakan colleagues we obtained and an- 
alyzed spectra of the star. We could not find spectral lines of a companion star or any 
traces of the radial velocities using this data. Hence, we concluded that we need the 
higher resolution spectra for final resolution of the matter. 

On the basis of the latest spectral data of Bulgarian astronomers they concluded 
that EM Cep is a single star. This makes it possible to suggest, that the question of 
stellar pulsation could be solved using additional photometric observations. 


1. Introduction: Be stars 

Be stars are defined as non-supergiant stars with temperatures between about 10000K 
and 30000K which have shown emission lines in their spectra on at least one occasion. 
As the definition suggests, the spectra of Be stars can vary with time, as can their bright- 
ness. About 20 % of B star's arc Be star's and, because these star's are very luminous, 
there are about 200 of them among the naked-eye stars. This makes them one of the 
most conspicuous classes of variables (365). Be star's were discovered almost 150 year's 
ago by Secchi (371). 

Classical Be star's are non-supergiant, early-type star's whose spectra have, or have 
had at some time, one or more Balmer lines in emission (372). It is only in the last two 
to three decades that both observations and theoretical understanding of Be star's made 
possible a general consensus on the physical properties present and processes acting 
in Be star's. This progress owes much to the availability of large public databases of 
high-precision photometry, polarimetry and spectroscopy, including data from space 
missions, and the rise of new observing techniques such as interferometry. At the 
same time computational advances have been made, allowing the much more detailed 
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theoretical models available today to keep pace with observations and fertilize each 
other (370). 

Be stars, and possibly their non-emission line equivalents, the Bn stars (Bn stars 
arc characterized by their broad absorption lines and arc, therefore, by definition viewed 
roughly equator-on. By contrast. Be stars can be recognized by their emission lines only 
and so may be seen at any inclination angle), are the most rapidly rotating classes of 
non-degenerate stars, certainly so in terms of v • sin i, and possibly in terms of fractional 
critical rotation, where the championship might have to be shared with S Dor variables 
(also known as Luminous Blue Variables, or LBVs), which are proposed to be rapid 
rotators as well (354). 

There is no firm observational evidence for large-scale, i.e., dipolar magnetic fields 
at any strength, and such fields stronger than about of 100G are excluded. Small scale 
magnetic fields, such a localized loops, remain a possibility and have some indirect 
observational support, although a direct confirmation is lacking. With high resolution 
spectropolarimetry, this question is expected to find an answer, thanks to the Doppler ef- 
fect elevating the detectability of such fields (370). Be star lightcurves have sometimes 
been reported as of double-or even triple-wave (352; 348), which was often interpreted 
as supporting evidence of a rotational nature. 

The periodic variability of early type Be stars has been well known since more 
than 30 years. While initially both rotation and pulsation were proposed as underly- 
ing mechanism, first spectroscopy, then space-based photometry provided increasing 
evidence for pulsation, in most cases in grouped multiperiodicity. The great accuracy 
of dedicated space missions make it possible to identify pulsational variability for all 
observed Be stars, including late type ones, though only at millimagnitude level and 
below. At present, it seems that detecting pulsation in Be star's is only limited by the 
detection threshold, not by the physical absence of pulsation (370). 

Opinion exists that about 70% of Be star's are binaries (see for example, Zorec et 
al. (374)). 


2, EM Cep 

We observe a B spectral type giant star - EM Cep at Abastumani Observatory from 1991 
(Kochiashvili). For that time it was known as a bright (m(V) = 7.03) short period 
variable with spectral class BI IV+? Amplitude of its variability is 0.15 magnitudes 
and period - P = 0.806187 days. Some of its investigators considered the star - as a 
close binary system (362; 363; 356; 367; 368; 346; 373; 357; 350; 351), some of them 
regarded it as a non-radial pulsator (355). According to her observations, Rachkovskaya 
(369) made a conclusion that EM Cep is either a /j Cep type variable or an oblique 
rotator. 

As Her emission lines were observed in its spectra (366; 364; 369) so EM Cep 
is a Be spectral type star - . Character of light curves’ changing lets us possibility to 
suggest that the variable maybe a A Eri type short-period Cepheid (361; 345; 359). We 
examined also a case of binarity for the star - (359). 
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3. The Flare 

Now it is known that O and B stars display flare activity. Two-three decades ago they 
rarely mentioned on flares of early spectral type stars but according to the late data such 
type of stars belong to the most active class in the Universe. Very interesting “unusual” 
flare was revealed for the Be star EM Cep in 1991. During UBVR electrophotometric 
observations using 48 cm reflector of the Abastumani Astrophysical Observatory a flare 
in R pass-band detected with simultaneously anti-flare in U band (Figure 1). 
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Figure 1 . “Unusual” flare of EM Cep (360). 


3.1. Energetics of the flare 

We arc using the relationship: 

L 

2.5 log — = M q - M (1) 

where M 0 and M are Absolute stellar magnitudes of the Sun and EM Cep consequently. 
Energy of the flare in the solar luminocity units is: logL = 0.4 (M 0 - M) and L Q = 
3. 86-10 33 erg/sec. Solar absolute magnitudes in U. B. V and R hands arc: Mqu = 5 .'"58; 
Mqb = 5. m 43; Mqv = 4. m 77; M q r = 4.'"24. And the same values for EM Cep are: 
M v = -5. m 9; M b = -4. m 9; M v = -4 m 6; M R = 4 m 5. 

The mean amplitude of EM Cep’s flare in R band was approximatelly 0.'"13, and 
the one of the anti-flare in U band - about -0. m ll. Consequently, the absolute values 
during the flare were: Mr = -4.'"63 and Mu = -5. m 79. The luminosity of EM Cep in 
the solar units would be Lr = 3133L©. Analogicaly, the luminocity of EM Cep during 
the flare in solar units: Lr[ — 3872 L Q . Therefore the increase in luminosity during the 
flare in R band was approximately 24 %. 
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3.2. Antiflare 

The luminosity in U band during the anti-flare was: Ljjf = 35318. Mean luminosity 
in U band for EM Cep: L\j = 39084L o . Therefore the luminosity decrease in U band 
during the flare has been 10%. 

3.3. Mass Loss 

During the flare the luminosity increase in R band was Lr = 739L 0 . We calculate equiv- 
alent mass loss during 2 hours of flare using E = me 2 relationship: Mrj = 1O _14 M 0 . 
Analogically equivalent mass of the energy of anti-flare would be: Mjjf = 5 • 1O~ 14 M 0 . 


4. Two Possible Scenarios 

We decided to examine the star either as an eclipsing close binary or as a short period 
Cepheid. 

4.1. The first case 

We tried to get a formal solution of the light curves of EM Cep using the Wilson- 
Devinney code (349). Due to the unstable character of EM Cep light curves we used 
observations of 1999 only - during this period the star did not show significant changes 
of light curves. Those are data of August (4 nights) and October (5 nights). Orbital 
elements of Cristescu et al. (351) were used as input data. We took fillout=0. 17 for the 
system. This is a case of W UMa type eclipsing binary. The Model is presented for R 
band (Figure 2). 




phase = 0.2400 


Figure 2. Model of EM Cep according to Binary Maker (359) 


4.2. The second case 

By its light variation character, EM Cep shows certain similarity with A Eri variable (361). 
Consequently we calculated our photoelectric data for half-period (see Baki§ et al. 
(345)). The results are presented for R band on Figure 3. 
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Figure 3. Electrophotometric data of EM Cep for a half-period (P = 0.403 
days Kochiashvili & Kochiashvili (359)). 


The orbital elements estimated for the first case are absolutely acceptable but they 
are not in accordance with existing spectral data. We have got 0.4 contribution of the 
secondary component in the total luminosity so we would see spectral lines of the both 
stars for this solution. But then we knew that spectral lines of only one component 
were visible in existing spectral data. Even in such a situation we would not exclude 
that in certain conditions spectral lines of one component arc screened by gaseous en- 
velope (see for example Djurasevic et al. (353)). The true nature of the star remained 
unknown. High resolution spectral observations were needed for final solving of this 
problem (359). 



Figure 4. Her lines of EM Cep, obtained by Arthur Karapetyan using 2.6 telescope 

of the Byurakan Astrophysical Observatory. 

We decided to get high resolution spectral data of EM Cep and to try resolving the 
binarity problem of the star. Our Armenian colleague, Arthur Karapetian observed the 
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star using 2.6 m telescope of the Byurakan Astrophysical Observatory. Not any spectral 
line of a companion star was found. We could not reveal also a sign of radial velocities. 
The unpublished yet examples of EM Cep H a lines according to A. Karapetian arc 
shown on Figure 4. 

5. New findings of Bulgarian astronomers 

New spectral observations were carried out by the 2m RCC telescope of the National 
Astronomical Observatory at Rozhen, Bulgaria during 2004-2015. It was used a CCD 
Photometries AT200 camera with an SITe SI003AB 1024x1024 pixel chip mounted on 
the Coude spectrograph. The exposure time was 15 min. All stellar integrations were 
alternated with Th-Ar comparison source exposures for wavelength calibration. The 
resolution of the spectra is 16400, and most spectra have a S/N ratio in the range of 
150-250. Initially, EM Cep was observed in the spectral range centered on Ha, but 
after July 2005, the spectral range was changed to include the He I A 6678 line (358). 
According to the new spectral data, EM Cep switches between B and Be star states, as 
revealed by the level of H a emission, but spends most of its time in the B star state. 
The authors estimated: disk masses in the order of (3 - 10) • 10 11 Mem Cep\ mass loss 
late of ~ 3 • 10 T/q yi , 3/ / \J ( ' rr/ — 12.5 Mq, Rpolar — 6.3 R . Requatorial — 9.5 Rq, 
T ef f = 26000 K. 

So the star during the certain time interval has the Be character and during the 
remaining period it has not emission at all (Figure 5). The transition from B to Be and 
then to B state again lasted up to 7 months. The classical Be star model can satisfactorily 
reproduce the Ha line profiles of EM Cep with disk density parameters and disk masses 
that are typical of the Be stars (358). The profiles of the absorption line He 1 46678 have 
also remarkable short-time variability. 


6. Conclusions 

Be stars and their massive extension, the Oe stars, may prove to be progenitors of late 
stages of massive star evolution connected to rapid rotation, such as S Dor variables, or 
even the long GRBs. A full extension of Be star research to extragalactic environments 
will only be reached with future facilities, such as extremely large telescopes (370). 

We have interesting results for one of the S Dor star, the LBV, P Cygni, which is 
also a B spectral type star. There arc some unsolved problems as for S Dor so for Be 
stars that could be related to each other. We think that the posssibility to observe bright 
stars of both types using small telescopes is an advantage. Therefore, we arc continuing 
obsevations of EM Cep using the same 48 cm Cassegrain telescope and a new CCD 
with standard U,B,V,R,I and the additional Ha filters. We hope to find observational 
evidence for stellar pulsations, if any. One of the aims for these observations is to 
monitor flare activity of EM Cep. 
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Figure 5. Be and B states of EM Cep. The Her profile of EM Cep in the Be state 
is doubly-peaked with a central absorption core and two emission wings (358). 
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Abstract. A large number of molecules are observed in planetary nebulae, both 
simple, the most common (H 2 , CO and OH), and more complex (H 2 O, SiO, HCN, 
HNC, HCO + ), and even the polycyclic aromatic hydrocarbons and fullerenes containing 
a few dozen and more atoms. The water molecules are observed, as a rule, in the 
young objects, in the gas phase (water "fountains" and related water masers) and solid 
phase (emission of crystalline ice particles), and, regardless of the C/O ratio, water and 
carbon-containing molecules may be linked to the same object. On the other hand, the 
results of calculations by the well known Cloudy computer program given in this paper 
for stationery models, show that the abundance of water ice in planetary nebulae, other 
conditions being equal, is dependent on the ionization rate of hydrogen, which depends 
in turn on the flux of energetic particles (protons and alpha particles) in the range of 
MeV energies and higher. The possibility of the increased flux of such particles in 
planetary nebulae under conditions of the standard interacting stellar winds scenario 
is discussed, when the flux may locally exceed by 1-3 orders of magnitude that of 
caused by galactic cosmic rays. Calculated water ice column densities reach values up 
to 10 18 - 10 19 cm~ 2 at the usual average ISM H 2 ionisation rate of 10 l6 s 1 and sharply 
decrease for the thousands times larger rates. Known observed results of NGC 6302 
show for the column density of crystalline ice about 10 19 cm 2 close to the calculated 
one. 


1. Introduction 

Interestingly, a large number of molecules is observed in planetary nebulae (PN) (393) 
despite the high excitation: in the ionized paid (the H + region), the gas temperature is 
about and more than 10 4 K, due to a strong hard radiation from the central star - a white 
dwarf (394), with effective temperatures of about 5 • 10 4 - 2 • 10 5 K (407; 413). As usual, 
the existence of the molecules is connected to the region behind the photoionization and 
photodissociation fronts (photodissociation regions - PDR) separating the inner fully 
ionized part from the outer neutral and molecular envelopes. The presence of such 
envelopes follows from observational and theoretical data about PN and AGB stars. 
Indeed, the observed mass of the H + zone is of several 0. 1M 0 and do not exceed 0.5 M 0 , 
while the "superwind" known parameters demand on the total (the sum of ionized, 
neutral and molecular parts) PN mass to be of the order of one or more solar masses, 
up to 3-4 M q (393). Thus molecules are present in the PN because of self-shielding 
by sufficient amounts of molecular gas, as the simplest and most common (H 2 , CO and 
OH), and more complex (H 2 O, SiO, HCN, HNC, HCO + ) (393) and even polycyclic 
aromatic hydrocarbons (PAHs) and fullerenes containing several dozen or more atoms 
(399). The water molecules arc observed in the gas phase (water "fountain" and related 
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water masers in young PN) (388; 377; 397) and solid phase (emission from crystal 
water ice) (375; 392; 379), and regardless of the C/O ratio, the water and carbon- 
containing molecules may be associated with the same object. 

As is known in a relatively cold and dense medium H2 molecules begin to domi- 
nate quickly via formation from atomic hydrogen with a density n on the surface of dust 
grains, in a time of about 1.5 • 10 9 /n years (381). According to this mechanism, origi- 
nated hydrogen molecules immediately leave the surface of the dust particles, forming 
a gas component, elfectively shielding the inner regions from the hard UV radiation 
(it should be recalled that photodissociation of H2 is realized through the dominant re- 
action channel with the interaction cross-section of ~ 10 14 cm 2 ) (381). Under such 
conditions, saturated compounds like water, ammonia and methane also arc formed 
and condensed on the grain surfaces with the characteristic timescale of 3 • 1 0 9 / n years 
(382). In other words, in regions with n ~ 10 6 cm -3 which is characteristic for young 
PN icy covers of dust particles must be originated during no more than 3 thousand 
years, while the most abundant solid water with frozen other volatiles (CO, NH3 etc.) 
form the ice mantles with thicknesses up to a few 0.1 /a which arc about one order 
of magnitude larger than the initial size of the silicate and/or graphite dust cores of 
~ 0.01 p originated in the cold wind. In any case, because the time of the PC formation 
is also relatively small (1.5 thousand years under young PN conditions as compared 
with the dynamical time of 10 4 years) one may choose in a first approximation, a sta- 
tionary model to describe the young PN in terms of the balance between the formation 
and destruction of the most important molecules (and ices). The stationery model may 
be acceptable also for more developed PN as compared with young PN with a follow- 
ing reservation: icy particles may be present there coming from the cold AGB outflows 
and surviving as long as they arc shielded from the radiation and the dust temperature 
is less than 100 K (see below). Thus, icy covers of the dust particles (water, ammonia, 
methane, methanol, carbon monoxide, etc.) arc possible in the PN if they arc protected 
from extreme UV radiation exposure and vaporization during the lifetime of the PN. At 
the same time, as is known, these ices should be irradiated by UV with a wavelength 
of more than 912 A. According to experimental data, the irradiation of mixture of ices 
like PUO.CIUOH, NfTs.CO by the UV radiation with an energy of photons about 10 
eV (vacuum UV, below VUV), causes the formation of highly complex compounds 
containing, for example up to 22 carbon atoms (380). It is also possible the formation 
of amino acids, PAH, etc. The threshold dose of the accumulated energy to initiate 
radiation-chemical transformation is 25 eV/molecule (380). It is interesting to note that 
the infrared observations of recent years, as already noted, registered PAH, and even 
fullerenes C60 and C70 in the spectra of several PN, including 11 out of 338 observed 
by Spitzer (399). The authors interpret their observations as follows: the most likely 
places of formation of these compounds are the outflows of cold carbon stars in the 
AGB phase transition to the PN, but little details arc known. In particular, it is unclear 
whether they arc present initially in AGB objects, but not observed, due to the lack of 
appropriate sources of excitation, or they form during the process of transition to a PN 
phase. There is a point of view that fullerenes are formed by UV destruction of hydro- 
genated amorphous carbon (HAC) and/or dehydrogenation of large PAH molecules in 
the early PN stages, when there is intense UV irradiation (403; 399; 414). The quan- 
titative description of this hypothesis is not known (see, however, Berne and Tielens 
(376)) but many experimental data arc available. Nothing is known also about quan- 
titative characteristics of the effectiveness of the joint UV and corpuscular irradiation 
of ice mixtures (under conditions like those behind the PN photodissociation front). 
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In the interesting article Kwok (395) discussed the possibility of recycling of organic 
matter in the Galaxy, just in the context of its origin in the transition phase from the 
AGB winds to the PN, with the possible formation of stable complex species with the 
carbon-containing compounds. One should stress, however, that not less important fac- 
tor in the problem of the primary origin of complex compounds is the survivability of 
more abundant, but less stable ices (e.g. water etc.) and/or their mixtures under PN 
conditions. This article is devoted to the influence of the UV and corpuscular radiation 
on the survival of ices under PN conditions, behind the photodissociation front. First of 
all a possibility of existence of ices would be analized. The results of calculations for 
the non-stationery conditions of the PN will be presented elsewhere. 


2. The radiation field under PN conditions 

To calculate the effect of the irradiation on the surface of dust grains, one must have a 
physical-chemical model of the nebula, and, especially, the radial dependent radiation 
field in the PN resulting the abundances of ices. Solution of the problem is complicated 
by non-stationary processes of molecular-ice component in PN (405; 406). However, 
as noted above, for particular' cases of high concentrations of early PN (n > 10 6 cm" 3 ) 
it is possible to use the stationary model, when the characteristic time of formation 
and destruction of ices ( ~ 1 000 year's ) less than the characteristic dynamic time of the 
PN phase ( ~ 10000 year's). On the other hand, for early PN the dynamic time is also 
about 1000 year's while destruction of water ice is practically absent when the dust 
temperature is less than 110 K. The last circumstance is true for all PN with central 
star's temperatures about 50000 K (see below). Thus the stationery model for ices to 
survive must be a good first approximation for young PN and PN with low temperature 
nuclei but the non-stationarity also should be investigated which will be presented later 
elsewhere. 

To solve the stationery problem one can use the model, first described by (383) 
and the corresponding computer code “Cloudy”, the latest versions of which can ad- 
equately calculate the dust temperature and abundances of the H 2 O, OH and CO ices 
(Cloudy 13 and higher, Ferland (385); Ferland et al. (384)). As mentioned above, 
the latest are regulated by the intensity of photons with energies less than 13.6 eV. Re- 
sults of calculations for two kind of PN models (394; 393) are presented in the Table 
1, where the distance from the nucleus to the inner border of the nebula, r, and, an 
outer radius, r e ~ 10 • r;, following from the requirement to have a total mass of the 
nebula ~ 1 M Q for a spherically symmetric homogeneous shell. The models have been 
calculated for the nuclei temperatures T s = 5 • 10 4 and 3.8 • 10 5 K (in Table 1 they 
are marked as "A" and "B", respectively). For simplicity, a blackbody spectrum of the 
stars has been chosen, because this article examines the impact of energetic particle flux 
changes on ice content. The chemical composition has been assumed to be usual in the 
PN (384), for C/O = 0.5. Dust cores in both cases were considered as graphite, cov- 
ered with icy mantles (objects with mixed chemistry), with a size distribution typical 
for ISM (394; 385). With these data the radiation field was calculated by CLOUDY 13 
(385). Results of similar calculations for conditions of molecular clouds were presented 
in (408). 

Obviously, at a uniform density distribution the nebular masses in Table 1 about 
I.IMq correspond to the column densities of the medium of ~ 10 23 and 10 24 cm" 2 , 
with the values of the internal radii, r, ~ 10 16 and 10 17 cm, the thicknesses of the 
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shell, A r ~ 3.2 • 10 17 and 9.0 • 10 17 cm, and the concentrations «pn ~ 3 • 10 6 and 10 4 
cnL 3 , respectively. Thus, even in the case of early PN with n < 10 17 cm, the column 
density of the most common molecules (CO, H 2 O) can reach values ~ 10 18 - 10 19 cm -2 
at typical C/H~0/H ~10 4 . With some reservations, even for ices such values of the 
column densities arc possible. 


Table 1. Parameters of models: A - T„ = 380000 K, L, = 1.9 • 10 5 L o ; B -T, = 
50000 K, L, = 250 L Q ; ro - the cloud border distance from a radiation source, cm. C 
- ionization rate of H 2 by CR protons, s 1 . n - total concentration of hydrogen, cm -3 . 
N - the total hydrogen column density, cnT 2 . A'OLO grain) - the column density of 
water ice molecules. 


Model 

lg(r 0 ) 

lg(0 

lg(«) 

lg(A0 

AfilBO grain), cm 2 

A(H 2 0 gas), cm 2 

Al 

16.0 

-16 

6.5 

24.0 

3.2- 

10 19 

5.9- 

10 17 

A2 

16.0 

-15 

6.5 

24.0 

5.5 ■ 

10 19 

9.9- 

10 17 

A3 

16.0 

-14 

6.5 

24.0 

9.4- 

10 17 

1.1 • 

10 18 

A4 

16.0 

-13 

6.5 

24.0 

1.2- 

10 11 

6.7- 

10 17 

B1 

17.0 

-16 

4.0 

22.0 

2.6- 

10 18 

6.8 • 

10 13 

B2 

17.0 

-15 

4.0 

22.0 

2.8 • 

10 18 

4.9- 

10 14 

B3 

17.0 

-14 

4.0 

22.0 

1.9- 

10 18 

1.7- 

10 15 

B4 

17.0 

-13 

4.0 

22.0 

4.1 • 

10 14 

9.3 • 

10 15 


It should be noted that the only photons with energies greater than 6.13 eV have 
no internal sources within the cloud, while the photons in the energy range 6-13.6 
eV (which arc still important in the processes of ionization, photochemical and ther- 
mal balance of both gas and dust) arc emitted as results of many secondary processes. 
They should be taken into account when considering the many problems in physics and 
chemistry of interstellar clouds, including the radial dependent abundance of icy grains 
in the clouds. It is interesting to note that the lack of ice outside the clouds, where 
the lifetime of the icy mantles of dust particles is much smaller than the characteristic 
time of the chemical reactions that transform the mixture of ices to the stable form, 
is due to intense UV radiation in the whole spectrum, while in the innermost areas of 
clouds where ices are present, their content is governed by the VUV radiation close 
to 10 eV. The only significant source of such photons inside the clouds, far from the 
border, is a secondary radiation as a result of excitation of hydrogen molecules by cos- 
mic rays (CR, protons with energies of MeV and above), discussed first in the work 
(400) and in subsequent publications of many authors (Ferland et al. (384) and refer- 
ences therein). Non-thermal particles in a molecular gas implement various interaction 
channels ending with ionization, excitation and dissociation of molecules. The Cloudy 
model is the most complete one taking into account as much as possible elementary 
processes in the ISM plasma calculations, including the secondary (VUV - the Lyman 
and Werner bands) emission of PL, caused by energetic particles. The average value 
of the equilibrium temperature of the dust has been calculated simultaneously by the 
special procedure for the group of (graphite) dust particles, consisting of 10 sub-groups, 
with their own size distribution and a relative concentration typical for dust in the ISM 
(385). The relative deviation from the average dust temperature is less than 50%, that is, 
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the temperature values of any subgroup arc different from the average for the group no 
more than 2 times. Interestingly, the gas temperature may be even lower than the dust 
temperature due to significant shielding which is characteristic for the such conditions 
(389). Calculations shown that the dust temperature under mentioned PN conditions 
does not exceed a few tens of degrees in the area of maximum concentration of I P. It 
is clear that at these temperatures the ice mantles of dust particles do not evaporate, and 
will be irradiated with UV radiation. 


3. Discussion of the calculated water ice column densities 

How realistic are the water ice column densities of 10 18 - 10 19 cm' 2 in Table 1 ? As 
is already noted, water ice is observed in several young PN (375; 392; 379), by the 
emission bands 44q and 62p, characteristic of crystalline water ice. Without detailed 
modeling of these objects, just to illustrate the reality of the survivability of water ice 
in the PN, one can note that the mass of water ice, for example, in the case of NGC 
6302 based on the observed data is 3.6 • 1O~ 4 M 0 in the torus with the outside radius 
R out > 5 • 10 16 cm and the small (compared with the outside) inner radius of the torus, 
ro (392). Assuming ro < 10 16 cm, one may get A(H20,ice) > 1.2- 10 19 cm' 2 regardless 
of R ou t- One should emphasize that the central star of NGC 6302 is one of the hottest: 
for the correct description of its spectrum temperatures up to 380,000 K are required 
(Kemper et al. (392) and references therein). Thus, one can conclude that the column 
densities of water ice in the PN can really have values of 10 18 - 10 19 cm' 2 . 

Also one should note that water ice is changed from an amorphous to a crystalline 
phase owing to an temperature increase (perhaps short-term) of dust-containing ice 
above 1 10 K, and the same value is critical for the sharp increase of a desorption rate: 
for example, the half-life of ice due to desorption decreases by 2 orders of magnitude 
when temperature increases from 100 K to 110 K (Fraser et al. (386) and references 
therein). However, according to the steady-state calculations (Table 1) in the most paid 
of the PN volume behind the PDR-front the dust temperatures clearly are below 100 K 
for hot nuclei and everywhere for the low temperature nuclei including the H + region. 
The last circumstance means that water ice may survive even in the developed PN and 
that the steady-state models are not bad to describe the ice content. 

A more accurate stratification of types of ice, of course, can only be done within 
realistic models of specific objects, taking into account all the important features, such 
as real spectrum of the star, and radiative transfer in PN, complex geometry and kine- 
matics, the density distribution and elemental composition, dust structure and chemical 
structure, etc. Added to this is the possible variability in time and space, one of the 
key factors, the rate of ionization of hydrogen caused by energetic particles. All this 
is beyond the scope of this article, devoted only to the problem of survival of ice in 
principle. With these caveats in mind, one should note that Cloudyl3 models for the 
blackbody star temperature T t = 380000 K, and with other parameters close to NGC 
6302 values (392) show that the temperature of the icy silicate dust (in contrast to the 
graphite cores in Table 1) in the (spherical) nebula exceeds 110 K only in 4% of the 
volume and in the case of the Table 1 dust (graphite cores with ice mantles) even less 
- 3%. However, as already noted, the values of temperature with such an accuracy can 
be obtained only under conditions of realistic models, may be even non-stationery. 
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4 . On large values of £ 


Results of calculations in Table 1 are presented not only for values of £ = 10“ 16 s _1 
common to the ISM, but also by 1-3 orders of magnitude larger values. It is easy to 
verify the reality of such values under PN conditions. Indeed, a generally accepted 
model of galactic cosmic rays (GCR) origin in expanding supernova shells involves 
the transformation of the fraction e (10-30%) of the kinetic energy of the shell to the 
particles energy E in the range of MeV-GeV and above, with a power distribution ~ 
E“ y , where y=2.5-2.1 for the GCR. In the case of the PN standard interacting winds 
model (394) one may draw an analogy between the supernova envelope, expanding in 
the ISM and the fast wind from the nucleus interacting with the PN shell (the rest of 
the "super-wind"). On the shock wave front Fermi statistical mechanisms should lead 
to an acceleration of protons from "keV" to "MeV-GeV" energies during no more than 
100-200 years. The case is that in the model of the diffusive acceleration of particles 
on the strong shock wave front (396), a particle energy gain at each intersection of the 
front is about of 1/100, that is, for growth, for example, from initial 30-100 keV (2000- 
5000 km/s) to final 1-1000 MeV it is necessary about 10 6 crossings of the front, the 
thickness of which being the order of the mean free path is smaller (by definition) of 
the particle’s gyro-radius. For energies of about 1 GeV, and the magnetic field strength 

~ 10“ 6 - 10 5 G, which is characteristic for the ISM and the PN, the gyroradius is 
about 10 11 - 10 12 cm (396), so the maximum acceleration time may be estimated as 
face = 10 12 • 10 6 /2 • 10 8 /3 • 10 7 =167 years. Such an acceleration time corresponds to 
the maximum value of the diffusion coefficient of energetic particles in the acceleration 
area, Q = t acc ■ V; = 5 ■ 10 9 • 4 • 10 16 = 2 • 10 26 enr/s. In the well known standard 
model Q = 10 28 • (E / 10GeV) <5 cm 2 /s, 6 = 0.3-0.70, which for E = I GeV gives at least 
5- 10 27 enr/s (Gabici et al. (387) and references therein). On the other hand, in the cited 
paper (387) observational constraints concerning the value of Q are obtained: energetic 
particles accelerated by the supernova shell and interacting with the dense molecular 
cloud matter surrounding the supernova remnant create the observed gamma rays. It 
was shown that under these conditions the diffusion coefficient should be more than an 
order of magnitude (16 times) less than the mentioned above value (5 • 10 27 enr/s - 
the average for the ISM), that is 3 • 10 26 enr/s, which is close to the estimated value 
for PN, 2 • 10 26 cm 2 /s, associated with a reasonable estimate of maximum acceleration 
time of about 200 years. 

The quantitative theory of particle acceleration at the shock front is very com- 
plicated, and in relation to the PN have not yet been considered. This paper is only 
concerned with a simple evaluation of the accelerated particles flux F (E) in the range 
of 1-1000 MeV, dominant in the ionization and excitation of molecular hydrogen. The 
contribution from the more energetic particles is negligible, since the ionization losses 
above 1 GeV are fixed (mainly losses are due to relativistic effects) and do not change, 
but the energetic dependence is rather steep, y = 2.5-2.1 . So, let 10% (e = 0.1) of 
the kinetic energy of the fast wind is converted into energy of particles accelerated 
to 1 GeV at the shock front, then in the spherically symmetric case a following can 
be written: e • ( 1 / 4zr) • M* • V 2 = J{E)dE ■ A, where M* = 10“ 9 - 10“ 7 M Q /yr, 
V * = 2000 - 5000 km/s, F(E)dE = 4n ■ J{E)dE - the particles flux in the en- 
ergy range dE, J (E) - is the intensity of the particles, and A = 4n r 2 - is a char- 
acteristic surface, coincident with the surface of a spherical shock wave. Assuming 
fj = 10 16 cm, M* = 10“ 9 Mq/ yr, V* = 2000 km/s, one can write for the intensity 
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J (E = IMeV) = 1.0- 10 4 particles-cm“ 2 * -s _1 -sr' 1 -MeV' 1 , at dE = 1 MeV. Thus, even 
with a conservative choice of fast wind parameters M* and V, r the obtained estimate of 
the intensity at the inner radius of the young PN is about 8 orders of magnitude greater 
than an average value J(E - IMeV) = 2.0 • 10“ 4 particles • cm' 2 • s _1 -sr _1 • MeV 1 
(Scherer et al. (401), their Fig.2). Because the flux of I I 2 ionizing energetic protons, 
the ionization rate g and the cross-section cr of the interaction at a given value of energy 
E arc connected with the evident relation F (E) dE — d/cr (391), it is clear that the rate 
at such PN, £ (PN) should be also larger, than 'C (GCR) - the average for the ISM, so 
f (PN) = 5 - 10 7 * * * * * • 2 (GCR). By the way ,cr(E = IMeV) = 3 • 10' 17 cm 2 (398). The exact 
dependence on E, cr (E) is known (398), so it is possible to calculate the exact value of 
the C as the average over the whole spectrum, but here it is not necessary, as in Cloudy C 
is a free parameter, and its values in Table 1 arc chosen on the base of the following 
reasons. First, as behind the shock the flux of accelerated particles should decrease as 
~ r' 2 (401), and, second, in a dense medium with V(FL) = 10 23 - 10 24 cm 2 energy 
losses also contribute to the reduction of the flux almost up to one order (and hence 
the 2)- Finally, third, the possible presence of a magnetic field about and/or by one 
order of magnitude greater than the ISM value is able to further reduce the flux, due to 
the reflection of low-energy particles from the so called "magnetic mirrors" (Skilling, 
Strong (404), Yeghikyan (410) and references therein). Thus, on the base of the men- 
tioned reasons in Table 1 the 2 values were used in the range 2 = 10' 16 - 10' 13 s' 1 
by no more than 3 orders of magnitude exceeding the average ISM value. It should be 
stressed that the real picture is actually quite complicated, hearing in mind the men- 
tioned transfer problem of the protons with energies 1-100 MeV in the presence of a 
magnetic field. As is mentioned above the low-energy paid of the spectrum may be 
cut-off (404), or conversely, be enhanced due to acceleration of particles by some mag- 
netic irregularities that may be associated with MHD turbulence. Further the problem 
is complicated because of the lack of observational data on the magnetic field geometry 
in quite not symmetrical objects. In general, one needs a self-consistent solution of the 
non-stationary problem that goes beyond the scope of this article. Summarizing, one 
can say that actually 2 is a function that depends both on the radius, and the time. A de- 
tailed discussion of these effects will be given elsewhere. There is also the problem of 
the self-consistent inclusion of the function 2 (variable in space and time) into Cloudy, 
which is a prerogative of its authors. One can conclude that the results of Table 1 arc 
just illustrative of the possibility for the existence of ices in the PN, but the fact of a 
significant increase of 2 in PN should not be in doubt. 


5, Conclusion 

Abundances of water ices are calculated under conditions behind the PDR fronts in the 

PN with nebular masses of the order of 1 M© provided a stationary of elementary 

processes. The calculations have been carried out by the well-known model CLOUDY 

with varying central stars black body temperatures, C/O abundances ratios and FL ion- 

ization rates. Values of 2 were taken to be usual for the ISM, 2 = 10“ 16 - 10' 15 s' 1 , 

but also up to 2 orders of magnitude larger, 2 = 10' 14 - 10~ 13 s' 1 . It turned out that the 

these values are critical for the maintenance of the ice, that is, for them, for example, 

N (H 2 O ice) < 10 17 cm' 2 , which means practically an absence of icy mantles for the 

ISM standard characteristics of dust. When 2 < 10' 14 s' 1 the column density values 

up to V(FbO ice) ~ 10 19 cm' 2 are possible especially in the C/O = 0.5 case. These 
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values do not contradict observed abundances of (crystalline) water ice, for example in 
the case of the young PN NGC 6302 (392). Large values of ( arc resulted from high 
values of energetic particle fluxes received in the article under the standard interacting 
winds model of PN. Directly behind the shock wave front fluxes of accelerated parti- 
cles (E > 1 MeV) by 7-8 orders of magnitude exceed the values common to the ISM, 
then fall down to the outside border of the PN, but remain 2-3 orders of magnitude 
larger compared to the ISM values. Thus, the local fluxes of energetic particles in the 
PN, exceeding the values common for the ISM by 2-3, maybe even up to 7-8 orders 
of magnitude, arc an essential source of energy for a variety of elementary processes 
in the PN, and should be taken into account in a self-consistent description of these 
objects. A more refined description of the variable in time and space 'C requires solution 
of the non- stationary problem of acceleration and transport of energetic particles in a 
magnetic field characteristic for the PN, and the self-consistent incorporation of if (r, t) 
into Cloudy. 
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Abstract. Cosmic factors, like solar activity, solar wind and geomagnetic activity 
strongly influence the upper atmosphere-ionosphere, while galactic cosmic rays have 
an impact on the lower atmosphere. These factors are to be taken into account in the 
atmospheric models. We investigated the long-term atmospheric observational data 
carried out in Abastumani Astrophysical Observatory (N41°45'; E42°49') in connection 
with different cosmic factors. In this study we consider the inter-annual variations of the 
upper atmosphere parameters, in particular, the atomic oxygen 557.7 nm green, 630.0 
nm red lines of the nightglow, as well as those of the number of cloudless days and 
nights as the parameters of cloud covering in the lower atmosphere. The annual and 
semi-annual variations in the green and red line intensities, as well as in the numbers of 
cloudless days and nights at different helio-geophysical conditions were found. 


1. Introduction 

Space weather (solar and geomagnetic activities, solar wind, galactic cosmic rays) has a 
significant impact on the Earth's atmosphere. It is very important to parameterize these 
factors and take them into account in the atmospheric general circulation models. The 
lower and upper atmosphere respond differently to the cosmic factors. In its turn, the 
vertical dynamical coupling results in some mutual correlation between the lower and 
upper atmospheric layers, including luminous layers. 

During geomagnetic disturbances the upper atmosphere undergoes structural and 
dynamical changes (Hines 1974). Its parameters, including the atomic oxygen red 
630.0 nm and green 557.7 lines of the night airglow (nightglow), arc quite sensitive 
to geomagnetic activity (Fishkova 1983, Didebulidze et al. 2002, Gudadze et al. 2007). 

Solar wind interacts with the Earth's magnetic field by the interplanetary magnetic 
field (IMF). The orientation of the IMF and the Earth's magnetic field change, which 
produces of geomagnetic disturbances of various levels. As a result, the inter-annual 
distribution of geomagnetically disturbed days has two peaks in equinoctial months of 
March and September-October (Russell and McPherron, 1973). 

Galactic cosmic rays (GCR) are believed to take paid in formation of cloud con- 
densation nuclei, thus affecting cloud covering (Svensmark and Friis-Christensen 1997, 
Tinsley et al. 2006). GCR particles (primary rays) interact with atmospheric molecules 
creating secondary rays. Solar - wind and Earth’s magnetic field influence the intensity 
of the primary rays. Intensive solar - wind may result in reduction of the GCR flux after 
CME - so called Forbush decrease. 
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The long-term observations of various parameters of the nightglow in Abastumani 
Astrophysical Observatory (N41°45 / ; E42°49') makes it possible to reveal the influ- 
ence of cosmic factors on red and green line intensities. The inter-annual distributions 
of these parameters, as well as cloud covering during different helio-geophysical con- 
ditions and in connection with galactic cosmic rays (GCR) flux will make it possible to 
study lower and upper atmosphere-ionosphere coupling 

In this study we consider the presence of cosmic factors in the nightglow emis- 
sion and cloud covering. The data of the long-term measurements of nightglow inten- 
sity carried out in Abastumani Astrophysical Observatory since 1957 had been used 
(Megrelishvili 1981, Fishkova 1983). For cosmic factor parameters, the solar F10.7 
radio flux, geomagnetic Ap index and GCR flux data had been used. 


2. Inter-annual variations of Oxygen 557.7 nm green and 630.0 nm red line in- 
tensities of the nightglow 

The nightglow emission consists of various spectral lines: atomic oxygen red 630.0 nm 
and green 557.7 lines, hydroxyl OH bands, sodium Na, hydrogen H-alpha lines. There 
parameters were observed in Abastumani Astrophysical Observatory. In this study we 
used oxygen green and red line intensities which were observed simultaneously. They 
arc emitted from different heights in the atmosphere: maximum emission rate of the red 
line takes place at about 230km and that of the green line - at 95km. We took monthly 
mean values of these intensities during 1957-1993, as well as at solar activity maximum 
and minimum years during this period. 

In Fig. 1 the inter-annual distributions of the monthly mean values of the Oxygen 
630.0 nm red line intensity arc shown for all data (white circles and dashed line), solar 
activity maximum years (stars and thick line) and solar activity minimum years (dark 
circles and thin line), for every month from January to December (1 - 12 on the hori- 
zontal axis). The intensity unit is Rayleigh (the vertical axis). The monthly values arc 
averaged over 1957-1993 period. 

It is seen that the intensity is higher during the solar activity maxima and lower 
during the solar activity minima phases compared to the total time average values. The 
high intensity during solar maxima is due to increase of the electron density in the 
ionosphere F2 region. The inter-annual or seasonal variations of the red line arc also 
defined mainly by behavior of this region. During equinoxes the hight of the F2 layer 
(hmF2) is higher at night (Bilitza and Reinisch 2008). High intensity of the 630.0 
nm line during summer time can be explained by the maximal value of the number 
of electron density (NmF2) during this time. In June there is a small decrease for 
all three curves, during both maximum and minimum phases of solar activity. If this 
is typical for relatively regular dynamical processes in this season (for example, for 
vertical coupling of upper and lower atmosphere), then it should also appeal - in lower 
heights of thermosphere, below the red line emission region. 

We considered si mi lar inter-annual distributions of atomic oxygen green 557.7 nm 
line. In Fig.2 the inter-annual distributions of monthly mean values of the oxygen 557.7 
nm green line (in Rayleigh) are presented for all data (white circles and dashed line), 
solar activity maximum years (stars and thick line) and solar activity minimum years 
(dark circles and thin line), during the period of 1957-1993. 

Fig. 2 shows that, like the red line, the green line intensity is also higher during the 
solar activity maxima and lower during the solar activity minima phases with respect 
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Figure 1. The inter-annual distribution of the nightglow intensity (in Rayleigh) of 
the atomic oxygen OI red 630.0 nm line obtained from Abastumani during 1957- 
1993 at all (white circles and dashed line), solar activity maximum (stars and thick 
line) and minimum (dark circles and thin line) phases. On the horizontal axis are 
months from January (1) to December (12). 


to the total time average values. On the other hand, the green line intensity, along with 
high values in equinoctial months in spring and autumn, is increased in June as well. 
The measurements of the upper atmosphere research instrument WINDII (the wind 
imager interferometer), located onboard of the UARS satellite, also detected maximal 
values of the green line at equinoctial months, but in summer it is minimal for most 
regions of middle latitudes (Shepherd et al. 2005). Maximal values of the green line 
intensity is observed very rarely. The high value of the green line in June, along with 
regular maxima in March and October, possibly indicates the vertical coupling between 
the lower and upper atmospheres. As we see, red line intensity is low in equinoctial 
months when green line is high, and relatively decreases in June, while green line is 
increased. This increased value in June can be considered as a regional effect and could 
possibly be a manifestation of regional peculiarity of the lower and upper atmosphere 
dynamical coupling. 

Planetary-scale dynamical variations which take place in the lower atmosphere 
during equinoctial periods should be connected with significant changes of the green 
line intensity (Shepherd et al. 1999). Although, they can have important impact on the 
behavior of the ionosphere F2 layer and, as a result, on the red line intensity, as well 
as on their interactions during these times. Dynamical variations in transition periods 
which is observed in the upper atmosphere, should also happen in the lower atmosphere. 
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Figure 2. The inter-annual distribution of the nightglow intensity of the atomic 
oxygen OI green 557.7 nm line obtained from Abastumani during 1957-1993 at all 
(white circles and dashed line), solar activity maximum (stars and thick line) and 
minimum (dark circles and thin line) phases. On horizontal axis are months from 
January (1) to December (12). 


3. Inter-annual variations of geomagnetic disturbances and GCR fluxes at cloud- 
less days and nights 

We studied possible influence of cosmic factors on the cloud covering which takes 
place in the lower atmosphere. The solar 11 -years activity changes are more expressed 
in the UV and solar wind/density variations, the influence of which is stronger on the 
upper atmosphere and magnetosphere and lesser on the lower atmosphere. It was found 
that cloud covering processes are different during day and night times (Didebulidze 
and Todua, 2015, 2016). We investigated the inter-annual distributions of geomagnetic 
disturbances and galactic cosmic rays fluxes for all days, cloudless days and cloudless 
nights in Abastumani. For geomagnetic disturbances we used Ap index. Ap>50 is 
considered as highly disturbed condition which is about 4% of all data. During these 
conditions solar-terrestrial coupling should be observed in the atmospheric variations. 

In this study we used the Ap data in the 1957-1993 time interval. Flere we consid- 
ered relative numbers of high disturbance occurrence in each month (i.e. the number of 
disturbed cloudless days or nights divided by the number of days in the month). GCR 
values are taken from Tbilisi neutron monitor station measurements during 1964-1993 
(the monitoring started in 1964). For GCR we used relative values X n = (X - X)/X, 
where X are the counts and X is the average value of counts in the 1964-1993 interval. 

On Fig. 3 it is seen the laigc decrease of GCR flux in June for cloudless nights 
for high geomagnetic disturbances Ap>50, which is often accompanied by Forbush 
decrease (Kudela and Brenkus 2004). Thus, the decrease of GCR is expected. Solar 
activity variations arc insignificant. 
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Figure 3. Inter-annual distribution of monthly mean values of strong geomagnetic 
disturbances with Ap>50 (upper panel) and GCRs flux (lower panel). Dashed lines 
represent all data, solid lines with circles - data for cloudless days, solid lines with 
black dots - for cloudless nights of Abastumani in 1957-1993. GCR data are taken 
from Tbilisi neutron monitor measurements in 1964-1993. 


On Fig. 3 the inter-annual distribution of monthly mean values of strong geomag- 
netic disturbances with Ap>50 (upper panel) and GCRs flux (lower panel) are shown. 
Dashed lines represent all data, solid lines with circles - data for cloudless days, solid 
lines with black dots - for cloudless nights of Abastumani in 1957-1993. It is seen that 
Ap>50 distributions for cloudless days and nights are different and it has maximum in 
June for clear nights. At the same period GCRs arc strongly decreased. 

As we can see, the cosmic factor and cloud covering coupling arc different for 
day-time and night-time. 


4. Conclusion 

We studied the inter annual distributions of the atomic oxygen red 630.0 nm and green 
557.7 lines of the nightglow emission observed during 1957-1993 in Abastumani As- 
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trophysical Observatory (N41°45'; E42°49')- These semi-annual variations in the lower 
and upper atmosphere-ionosphere parameters can be caused by cosmic factors. 

The observed differences in the day- and night-time cloud covering coupling with 
geomagnetic disturbances and GCRs flux, as well as the inter-annual distributions the 
cloudless days and nights for various levels of geomagnetic activity can affect the radia- 
tive balance at Earth's surface which may be a manifestation of the influence of cosmic 
factors (space weather) on climate. 

Acknowledgments. Giorgi Sh. Javakhishvili was supported by the Shota Rustaveli 
National Science Foundation Grant N 31/56. 
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The Late Stages of the Evolution of Massive Stars Seen by Means of 
Supernovae 


Massimo Turatto 

Ossetyatorio Astronomico di Padova (OAPD), Vicolo deirOsservatorio, 5, 
35122 Padova, Italy; massimo.turatto@oapd.inaf.it 

Abstract. The talk illustrates how the core-collapse Supernovae, which emit an 
enormous amount of energy as radiation and kinetic energy of the ejecta, can provide 
invaluable information about the very late stages of the progenitors before the explo- 
sions. 
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Supernovae Shed Light on Gamma-ray Bursts 
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Abstract. We review the observational status of the Supernova/Gamma-Ray Burst 
connection. Long duration Gamma-ray Bursts are associated with a tiny fraction of 
SNe-Ib/c. Current estimates of the SN and GRB rates yield a ratio GRB/SNe-Ibc in the 
range ~ 0.4% - 3%. 
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New Powerful Outburst of the Unusual Young Star V1318 Cyg S 
(LkHor 225 S) 


Tigran Yu. Magakian, Tigran A. Movsessian, and Hasmik R. Andreasyan 

NAS RA V. Ambartsumian Byurakan Astrophysical Obsetyatoty (BAO), 
Byurakan 0213, Aragatzotn Province, Armenia; tigmag@sci.am 

Abstract. Young double star V1318 Cyg has very unusual photometric and spectral 
behavior. We analyze its historical lightcurve and show, that the southern component 
V1318 Cyg S after being rather bright (13-14 magnitude in V) in 70ies started to lower 
brightness and in the 1990 became practically invisible in optics and very faint in IR. 
After its reappearance in the second half of 90ies the star very slowly raised its bright- 
ness. In 2016 we found that V1318 Cyg S again brightened up to 7 magnitudes in visi- 
ble light. We present the new photometric data and discuss its spectrum. V1318 Cyg S 
can be an extreme case of EXors or even belong to some intermediate class between 
EXors and FUors. 


The full paper is published in another volume of ASP Conference Series. 


116 



Non-Stable Universe: Energetic Resources, Activity Phenomena and Evolutionary Processes 
ASP Conference Series, Vol. 

A. M. Mickaelian, H. A. Harutyunian, and E. H. Nikoghosyan, eds. 

©2017 Astronomical Society of the Pacific 


Study of Molecular Clouds, Variable Stars and Related Topics at 
NUU and UBAI 


Alisher S. Hojaev 

National University of Uzbekistan (NUU), Ulugh Beg Astronomical Institute 
(UBAI), Tashkent, Uzbekistan; hojaev@yahoo.com, ash@astr in. uz 

Abstract. The search of young PMS stars made by our team at Maidanak, Lulin 
and Beijing observatories, especially in NGC 6820/23 area, as well as monitoring of a 
sample of open clusters will be described and results will be presented. We consider 
physical conditions in different star forming regions, particularly in TDC and around 
Vul OBI, estimate SFE and SFR, energy balance and instability processes in these re- 
gions. We also reviewed all data on molecular clouds in the Galaxy and in other galax- 
ies where the clouds were observed to prepare general catalog of molecular clouds, to 
study physical conditions, unsteadiness and possible star formation in them, the for- 
mation and evolution of molecular cloud systems, to analyze their role in formation of 
different types of galaxies and structural features therein. 
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The Results of ESO/SRC Plates Survey of Southern Hemisphere 


Armen L. Gyulbudaghian 

NAS RA V. Ambartsumian Byurakan Astrophysical Observatory (BAO), 
Byurakan 0213, Aragatzotn Province, Armenia; agyulb@bao.sci . am 

Abstract. We have searched the ESO/SRC (E, B, R, J) charts of Southern Hemi- 
sphere for discovering of new star forming regions, cometary nebulae, HH objects, 
tight trapezium like systems, consisting of late type dwarf stars, jets from the stars, and 
also of radial systems of dark globules. This work was done in several places: in Esto- 
nia (Tartu observatory), in Mexico (Mexico, UNAM, Institute of Astronomy), in Chile 
(twice: ESO Vitacura, Cerro Calan Observatory, Santiago). As a result of this work 
several dozens of each mentioned above type of objects were found. 


Before the works of Ambartsumian on star formation an idea was widespread 
about simultaneous origin of stars and of their simultaneous death. Ambartsumian 
showed that star formation process is a continuous event, which took place in the past, 
is continuing in the present and will take place in the future, namely in stellar associ- 
ations (430). Ambartsumian mentioned also in his works gaseous nebulae. He wrote 
(429): “It must be paid attention to existence in O-associations together with early type 
stars also of giant gaseous nebulae”, and in Ambartsumian (431): “My own opinion 
is that the future observations will show that stellar associations and expanding nebu- 
lae arc forming together. I think that we must get loose of old idea of star formation 
out of diffuse matter and suppose that diffuse matter, as well as the stars arc forming 
simultaneously”. 

The most widespread hypothesis on star formation process is hypothesis about 
accretion inside molecular clouds with following collapse, which leads to the formation 
of stars. This mechanism meets obstacles, because due to this hypothesis new stars 
must be originated deep inside the molecular clouds, but observations show that many 
OB-stars originate near the surface of molecular clouds (443). 

In the literature now most popular is the hypothesis, that bright early type stars arc 
originated in GMCs (giant molecular clouds), mainly on their periphery. It is supposed 
that the star formation process proceeds along the molecular clouds (433). We can give 
an example of a rather large complex in which star formation was almost finished in 
several regions in periphery of a molecular cloud, but is continuing in the central parts 
of the cloud, that is there is no passing of wave of star formation along the cloud, but 
this process takes place in different parts of cloud irrespective of their place. 

Let us consider a large complex, consisting of HII regions Sh 254 - Sh 258 at the 
distance (2.4 - 2.6) kpc (442). The region Sh 254 is the oldest, has expanded a lot and 
was weakened. The regions Sh 255 and Sh 257 arc rather bright usual HII regions. The 
regions Sh 258 and Sh 256 are small, not yet evolved. Between the regions Sh 255 and 
Sh 257 a belt of dense molecular cloud is situated. In this cloud two compact objects 
MM1 and MM2 arc embedded. These objects arc seen in mm region of spectrum. 
Near MM2 there is a cluster of IR stars. Dense molecular condensations MM1 and 
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MM2, containing protostars, have similar physical conditions. Their mass is ~ 300 
M and luminosity (5-10)-10 4 L Q in 0.2pc (442). In this molecular belt we observe two 
ultra compact HII regions MM1 and MM2, containing protostars, and following them 
cluster of IR stars visible in near IR. In this complex (Sh254 - Sh258) the wave of star 
formation could not be a real mechanism of continuing star formation, because the star 
formation took place in dilferent time and different place. 

Cometary nebulae. Cometary nebulae arc small nebulae with definite shapes. 
They arc mainly physically connected with unstable stars - T Tauri type, Ae/Be Herbig 
type et al. Many cometary nebulae are connected with HH objects and jets. Ambart- 
sumian wrote about cometary nebulae (432): “There is no doubt that cometary nebulae 
cannot be stable objects. It is difficult to suppose, that the forces, existing near the star, 
can maintain the shape of the nebula for a long period of time. That is why it is neces- 
sary to suppose that such nebulae survive for a very short period of time or suppose that 
there is a continuous (for a rather long time) outflow of matter, “...cometary nebulae 
have a gross role in the process of star evolution and it is necessary to pay exclusive 
attention to investigation of these objects”. 

Herbig-Haro objects. Herbig- Haro objects were discovered by Herbig (440) and 
Haro (438). They are stellar condensations, their spectra consist of strong emission lines 
and weak, almost invisible continuum. First HH objects were found in Orion, Taurus, 
Perseus et al. All HH objects arc situated in the fields with strong absorption, which as 
a rule arc rich with T Tauri type stars. Ambartsumian was the first who emphasized the 
role of HH objects in the evolution of stars (438). 

Radial systems of dark globules. Radial systems of dark globules. After formation 
newly originated stars push away gas and dust from their environment. A large HII 
region is originated around early type stars. Observations show that in molecular clouds 
there arc regions of high density with dimensions (0.1 - 0.3) pc, in which the main 
mass of the cloud is concentrated (446; 447). When the ionization front reaches these 
regions, they arc evaporated, if arc close to the stars, and are partly evaporated if arc 
situated farther. If they arc situated at more distances, they survive and are streamlined 
by ionizing front, and behind them tails of ionized matter (relics of molecular cloud) arc 
forming. These last dense regions are forming dark globules of radial systems. Dark 
globules are situated radially in respect of central bright stars - their big axes have 
radial orientation towards the central stars. 

Several radial systems were investigated in the literature: in Gum Nebula, around 
A Ori, in Rosette Nebula (441; 439; 445; 444). We have searched the PSS charts for 
discovering new radial systems. As a result of this search 20 new systems, having in the 
center mainly O-type stars and connected with HII regions were found. We have found 
also 6 radial systems which arc not connected with HII regions (435). The systems 
without HII regions are of particular interest because they arc the stage following HII 
stage: the central stars are weakened, HII region is becoming into HI cloud. Such 
systems are interesting also for investigating problems of evolution of molecular clouds 
and early type stars. 

Tight trapezium like systems. Tight trapezium like systems. Ambartsumian was the 
first who paid attention on existence in many OB-associations of multiple stars which 
have si mi lar mutual distances between them (430). These systems received the name 
of trapeziums (in analogy with Trapezium in Orion). Ambartsumian estimated the age 
of such systems - not more than 10 6 years. The question of physical connections of 
stars in such systems remains yet unsolved. Before making search of new trapezium 
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like systems, consisting of stars, and for strengthening the probability of physical con- 
nection of components we suggested the following extra criteria (434). The dilference 
between the stellar magnitudes of components must be less than 2"'. The systems must 
be connected with dark and/or bright nebulae. 

Search of plates of Southern Hemisphere. Search of plates of Southern Hemi- 
sphere. As we were succeeded in search on the plates of Palomar Sky Survey (of 
Northern Hemisphere), we decided to make such a survey on the ESO/SRC plates of 
Southern Hemisphere. Such searches were done several times (in Estonia, in Mexico, 
in Chile). As a result of these searches several dozens of mentioned above types of 
objects were found (436; 437). In Fig. 1 examples of objects found during these surveys 
are given. 



Figure 1. Image of radial system, composed by the double star HD 150135/136, 
obtained on the Danish 1.54 m telescope (La Silla, Chile, 5th of June, 2002) with SII 
filter. In the center a star forming region. N is to the top, E is to the left. The sizes of 
image are 14x14 arcmin. 
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Figure 2. DSS2 R image of a tight trapezium like system (in the center, four stars). 
N is to the top, E is to the left. The sizes of image are 6x6 arcsec. 
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Abstract. To check if the multiplicity is a determinant parameter for abundance 
peculiarities determined for the hot chemically peculiar group of HgMn stars, we have 
considered a compilation of a large number of recently published data obtained from 
spectroscopy. We compared those data to the previous compilation by Smith (1996). 
Our analysis confirm the main trends of the abundance peculiarities, and their large 
spread from star to star. We studied correlations between abundances and effective 
temperature (T e g) also and confirmed the known correlation as well as for Mn, and for 
some other elements. Statistical analysis using a Kolmogorov-Smirnov test shows that 
the abundances’ anomalies in the atmosphere of HgMn stars do not present significant 
dependence on the multiplicity. 


1. Introduction 

This talk is devoted to our last study of Chemically Peculiar (CP) HgMn stars (see 
Ghazaryan & Alecian 2016). As you know, HgMn stars are A2 to B5 type main- 
sequence CP stars and effective temperatures on theirs atmospheres are found in range 
of 10000-16000 K. More than 50 percent of them are binary stars or are found in multi- 
ple systems. HgMn stars are secluded with strong abundance anomalies of Hg, Mn, and 
other heavy elements. It is interesting to know if multiplicity is affecting on abundance 
anomalies in the atmospheres of those stars. 

To answer to this question we create a large compilation of HgMn stars observed 
spectroscopically in 1993-2013 period and compared our sample with the one published 
by Smith (1996). To reduce the heterogeneity of the data, we scaled the abundances 
using solar ones given by Asplund et al (2009). For necessary cases we estimated the 
ratio N(A)/N(H ) assuming standard solar composition for He and metals. Fig. 1 gives 
all abundances of the present compilation versus atomic numbers. Abundances (e) arc 
given in logarithm of the abundance N(A)/N(H ) divided by the solar one. Detailed 
values element per element may be found in our article mentioned above. In these 
figures, stars arc sorted according to r e ff, but the x-axis is just an offset by a constant 
step to avoid an overlapping of error bars. All the stars for which we have not found 
an error bar arc gathered to the left of the figures and represented by a red cross. This 
figure may be compared with the Fig. 5 (lower panel) of Smith (1996). 
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The compilation confirms 

• main trends of chemical elements anomalies 

• the overabundances in the atmospheres of HgMn stars increase for heavy ele- 
ments with atomic number. The large scatter of the abundances is comparable to 
what we find in Smith’s compilation (1996), despite of the progress of measure- 
ments techniques. 


2. Abundances vs. fundamental parameters 

For the all chemical elements we studied the correlation between abundance anomalies, 
and r eff , log g and v sin/. Apart the already known correlation for Mn, we have found 
possible correlations for Sr, S, Mg (decreasing abundances with Teff ), and for P, Ti, 
V, Xe, Ca, Sc, Ba (increasing overabundances with T e g- ) (see Fig. 2 of Ghazaryan & 
Alecian (2016) paper). On another hand, we have not found significant connection of 
abundances with log g and v sin i except for Hg where a maximum of the overabun- 
dances is found at logg « 3.9 (see Fig. 7 of the same paper). 


3. Search of a correlation with multiplicity in HgMn stars 

To check if multiplicity is related with abundance anomalies in the atmospheres of 
HgMn stars, we created two subsamples formed of single HgMn stars and those ones 
found in binary or multiple systems and then applied Kolmogorov -Smirnov test (PC. 
Gregory, 2005) on them. This method is valid for any underlying distribution, this is 
why it is a well fitted one to our data. The null-hypothesis is defined as the case where 
there is not any indication that the two samples are due to different processes. We used 
the R- application 1 code for our statistical work (R Core Team, 2014). First, we need to 
calculate the cumulative distribution function for these two samples for each element, 
and to determine a distance according to the following formula (see Feigelsen & Babu, 
2012 for more details): 

D = yj(n s + n m )/(n s n m ) max |F s (x) - F m (x)|, (1) 

X 

where x represents the logarithmic abundance value (e) of the element, F s (x) is the cu- 
mulative distribution function of the n s stars found as single HgMn star, and F ra (x) is 
the one for the n m stars found in multiple systems. Because the abundance of a given el- 
ement is not known for all the stars of the two samples, n s and n m are different for each 
element (one has two subsamples for each element). For each element, R-application 
returns the maximum difference D and a corresponding p- value (the probability of re- 
jection of the null-hypothesis ), which arc presented in Table 2 of our paper. Because the 
usual criteria to reject the null-hypothesis is p < 0.05, and rejection occurs only for Co, 
for which we have only 10 abundance values for a subsample, we can not assume that 
these two subsamples differ significantly (for more details see the paper of Ghazaryan 
& Alecian, 2016). For the other 22 elements p- value is relatively high, which means 


1 http://www.r-project.org 
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Figure 1. All the abundances in the present compilation vs. atomic number. 
Abundances are taken from the references listed in Appendix A. 
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that there is no indication that the null-hypothesis has to be rejected. Our conclusion 
is that according to the Kolmogorov -Smirnov test applied to our compilation, the mul- 
tiplicity is not a determinant parameter for chemical abundances anomalies in HgMn 
stars. 
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Abstract. We report the results of search for and study the dense compact stellar 
clusters in the vicinity of 19 IRAS sources associated with intermediate and high mass 
young stellar objects (YSOs). Totally, we have revealed clusters in 15 regions. In 11 
clusters the IRAS sources associated with binary or group of YSOs. 


1. Objects data and methods 

For searching the compact star clusters we have selected 19 IRAS sources from list in 
Varricatt et al. (500) which are associated with M > 8 M© YSOs. We used the images, 
coordinates and photometric data obtained from GPS UKIDSS and Spitzer GLIMPSE 
surveys. 

We have used following methods to find out the star clusters and for photometric 
analyses: 1. Density distribution, 2. Radial distribution, 3. K luminosity function, 4. 
Infrared color-color diagram. 

We constructed density maps around each IRAS sources in the 4' x 4' region. 
The cluster was considered really exist if the surface density in the vicinity of IRAS 
sources exceed the average background of more than 2 cr. To confirm the existence of 
the clusters we have built the radial distribution of density with respect to the geometric 
center of the clusters. As the radius of the cluster was taken the distance from the cluster 
center, from which according to the Poisson distribution, the fluctuation of the stellar 
density in the rings, with a probability of more than 1 %, has been random character. 
In addition we carried out the Kolmogorov-Smirnov test for luminosity function of 
objects within radius (R) of clusters and radius of 3R to 6R. The possibility (P*. s ) of 
compliance of K luminosity function provided in Table 1 . We also have built JH/HK 
two-color diagram to find out clusters' members and for the study the nature of them. 
Pre-main sequence (PMS) stars which arc have a significant infrared excess, they arc 
located to the right from the reddening vectors, fall in the area of the HAe/Be, TTau 
stars and Class I YSOs. 

We estimated the number of likely candidates for PMS objects for each cluster 
(Npyjs, see Table 1). According to the two-color diagram we have classified the young 
stellar objects associated with IRAS sources and which are the central objects in the 
detected compact groups. 
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2. Results 

Table 1 shows the parameters of 19 selected regions derived from above mentioned 
methods. 


Table 1 . Major parameters of the compact groups 


N 

(1) 

IRAS 

(2) 

Dis(kpc) 

(3) 

A„ 

(4) 

R' 

(5) 

N 0 fc 7 ' 

(6) 

N PMS 

(7) 

P ks 

(8) 

Classif. 

(9) 

1 

05168+3634 

6.1 

3.6 

1.5 

93 

80 

0.003 

Class I 

2 

05358+3543 

1.8 

5.4 

1.2 

154 

73 

0.007 

HAe/Be 

3 

18151-1208 

3 

2.8 

0.3 

20 

14 

0.027 

Class I 

4 

18316-0602 

3.2 

3.9 

0.5 

53 

38 

0.001 

Class I 

5 

18507+0121 

J 1853 1775+0124547 
G034.4043 +00.2297 
G034.4035+00.2287 

3.9 

5.3 

0.4 

45 

13 

0.010 

group 
HAe/Be 
Class I 
Class I 

6 

19110+1045 

6, 8.3 

2.9 

0.3 

52 

53 

0.469 

b. Class I 

7 

19213+1723 

4.3 

0.5 

0.3 

19 

30 

0.000 

HAe/Be 

8 

19388+2357 

4.3 

3.0 

0.3 

7 

24 

0.019 

b, ? 

9 

20056+3350 

1.7 

0.3 

0.6 

93 

53 

0.041 

b. Class I 

10 

20188+3928 
J20203907+3937586 
J20203934+3937552 
J20203902+393753 1 

3.9 

5.1 

0.5 

13 


0.031 

group 

Class I 
Class I 
Class I 

11 

20198+3716 

J202 14157+3726061 
J202 14129+3726057 
J202 14128+3725559 

0.9, 5.5 

2.6 

1.3 

385 

298 

0.001 

group 

Class I 
Class I 
HAe/Be 

12 

18360-0537 
G026.5 123+00.2822 
G026.5 116+00.2844 

6.3 

2.8 

0.4 

13 

12 

0.039 

pair 

Class I 
Class I 

13 

18517+0437 

2.9 

5.6 

0.3 

4 

5 

0.022 

? 

14 

19374+2352 

4.3 

2.6 

0.8 

25 

8 

0.039 

b. Class I 

15 

19092+0841 

4.5 

2.6 

0.4 

7 

5 

0.136 

Class I 

16 

18174-1612 

2.1 

7.3 

- 

- 

- 

- 


17 

18385-0512 

2.1 

2.2 

- 

- 

- 

- 

t. Class I 

18 

19410+2336 

J 1943 1084+2344047 

J 1943 1121+2344039 
J19431 120+23441 17 

2.1, 6.4 

4.4 





group 

Class I 
b. Class I 
Class I 

19 

20126+4104 

1.7 

4.9 

- 

- 

- 

- 

Class I 


(1) sequence number, (2) IRAS source and associated YSOs, (3) distance (in those cases where the distances to the source have been estimated more 
than once, both values are given), (4) absorption by the interstellar medium in the direction toward the region, (5) radius of group, (6) excess number of objects, 
(7) number of probable PMS stars, (8) measure of consistency between the luminosity functions in the group and in the field, (9) classification of PMS stellar 
objects. 
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Abstract. Results from a study of collimated flows near the star LkHa 198 are 
presented. Observations were cared out with the VAGR multipupil spectrograph on 
the 2.6-m telescope at the Byurakan Astrophysical Observatory. The morphology and 
kinematics of emission structures in the vicinity of LkHcr 198, including HH 161, were 
studied and electron density charts obtained. Besides the HH 161 object, our data 
revealed an arc-shaped emission structure with LkHo 198 at its apex. This type of 
structures are usually an indication of the presence of a cavity in a dark cloud blown out 
by a directed outflow. In addition, a faint “tail” extending in the direction of the central 
star is observed in HH 161. A comparison of these results with radio observations 
shows that the probable source of HH 161 is the binary system LkHar 198. 


1. Introduction 

LkHar 198 is the rather bright star discovered by Herbig and together with its neigh- 
boring star V376 Cas, was included by him in the first list of so-called Ae/Be stars 
(505). These stars expand the class of T Tau stars to objects with medium masses and 
luminosities. Both stars are in the dark cloud L1265 at a distance of 600 pc (503). The 
nebula near LkHo 198 is in the shape of an elliptical loop extending away from the star 
with an overall length of up to 40". 

Roughly 12" from LkHo 198 at a position angle of 100° was found relatively 
bright HH object - HH 161 (511). Later, other HH knots were found in this area, and 
this suggested the existence of at least two directed outflows (504; 508; 506; 507). 
Finally, speckle interferometry made it possible to detect the close binary nature of 
LkHo 198 itself (5 10). 


2, Observations 

The observations were made on January 12, 2005 on the 2.6-m telescope using the 
VAGR multipupil spectrograph (509) mounted at the primary focus. The total exposure 
time was 3600 s. The detector was a 2063x2058 pixel Loral CCD array. The field 
of view of the multipupil spectrograph was 40"x40" with a scale of 1" per pupil. A 
narrow -band filter centered at the red [SII] A 6716 and A 673 1 A doublet with a bandpass 
of A4=75A was used to prevent overlap of the spectra at the detector. The dispersive 
element was a VPHG1800 with a resolution R = 3000. 

Our estimate of the accuracy of the radial velocity determinations is ± 20 km/s. 
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3. Results & discussion 

As expected, HH 161 is visible in the [SII] emission, and the reflection nebula only 
in the continuum. Beside of HH 161 the elongated faint emission structure was dis- 
covered, which pointed in direction of the source and arc shape emission structure 
with LkHn 198 at its apex. It should be mentioned, that this arcuate structure is much 
brighter in the 6731 A in contrast of HH 161. It means that electron densities of this 
structure is higher by comparatione with other emission objects. 

In a chart of the radial velocity distribution constructed from the [SII] lines, it can 
be seen clearly that HH 161 has a small, but distinct, velocity gradient over the entire 
knot. Electron densities along the flow strongly changes, the density in HH 161 is about 
500 cm* 3 , while in the arc shaped structure near the star is about 4000 cm* 3 . 

Compared with direct images obtained with narrow band filters, integral spec- 
troscopy makes it possible to subtract the continuum spectrum accurately and to study 
the morphology of faint emission structures on the bright background of reflection neb- 
ula. As opposed to the data of (504), our images show that the faint “tail” on HH 161 
extends in the direction of LkHrr 198, rather than in the direction of LkHrr 198B. Thus, 
they match the images in (502) almost exactly. 

The arc shape emission structure connected with LkHrr 198 can be an indication 
of presence of a cavity in a dark cloud blown out by a directed outflow. Thus, it is 
logical to assume that in this case we are observing a source-star spectrum that has 
been reflected on the dusty walls of a conical cavity blown away by the outflow. High 
electron density of this structure one more evidence of such a scenario, over almost 
its entire extent. This object can be compared with PP 11 (501), where direct images 
indicate that the brightness of the reflecting nebula in the [SII] emission near the star is 
also increased. 

In addition, the radial velocities of the molecular outflows in the region of HH 161 
are negative and, when the correction for the local standard of rest is taken into account, 
are fairly close to the optical data. 

In light of the discovery that LkHa 198 is a close binary (510), it appeal's that the 
two components of this star are the sources of the flows. 
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Abstract. We presnt the results of the statistical analysis of ~ 200 stars with Her 
emission in the IC 348 clustet. 


1. Introduction 

The subject of our study is Ha stellar activity in the small young cluster IC 348, which 
is located at a distance 300 pc on the eastern edge of the molecular cloud in Perseus. 
The fundamental work on the study of stars with Ha emission belongs G. Herbig (5 14), 
in which are been revealed ~ 100 emission stars. In the future, their number has doubled 
(515). The aim of this work is the statistical analysis of the new, more completed sample 
of stars with Ha emission. 

The search of stars with Ha emission was carried out by slit-less method. The 
observations carried out on the 2.6 m telescope of the Byurakan Observatory in 2009. 

1.1. The statistical analysis of the stars with Ha emission 

The statistical analysis of ~ 200 stars with Ha emission revealed in the cluster IC 348 
leads to the following conclusions (see also Fig. 1, 2 and Table 1): 

□ The sample of emission stars is completed to R < 20.0 mag. 

□ The optical radius of the cluster is ~ II aremin. 

□ The percentage of emission stars increases from bright to fainter objects and to 
the range 13.0 < R-A# < 19.0 reaches 80%, which is probably the lower limit. 

□ The percentage of emission stars increases with decreasing their spectral classes. 

□ The ratio between WTTau and CTTau objects is 64% and 36%, respectively, 
which correlates well with the ratio of objects with different evolutionary stage 
determined according to their infrared excess (for the classification of emission 
stars relative to the equivalent width, we have used the criteria set out in White 
& Basri (516), according to which, the limit value of EW(Ha) for WTTau and 
CTTau objects depends on their spectral classes). 

□ The main paid of X-ray sources (-70%) are WTTau objects. 
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□ The median value of the age of WTTau and CTTau stars arc ~ 2- 10 6 years (the 
age of PMS stellar objects determined according the evolution models presented 
in D’Antona & Mazzitelli (512) and Baraffe et al. (513)). 

□ The age of non-emission stars with masses less than solar is also ~ 2 ■ 10 6 years, 
the age of the brightest objects is ~ 7 • 10 6 years. 

□ The most massive stars with a low level of activity arc concentrated in a small, 
dense central core of the cluster with a radius ~ 1 arcmin. 



Figure 1 . R luminosity function for visible magnitudes (left) and corrected for the 
absorption (right). 


Table 1 . Relation between Her activity and other parameters 


Selection (N) 

WTTau 

CTTau 

Ha emission (214) 

138 

77 

Earlier than K5 (34) 

4 

3 

K6 - M3 (84) 

36 

25 

Later than M3 (164) 

95 

44 

-2.56 < a < -1.8 (Class III) (182) 

102 

8 

-1.8 < a < 0 (Class II) (142) 

29 

59 

a > 0 (Class I) (21) 

- 

6 

L c > 0(153) 

89 

25 
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Figure 2. Radial density distribution of stellar objects relative Ha activity. 
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Abstract. Infra-Red (IR) astronomical databases, namely, IRAS, 2MASS, WISE, 
and Spitzer, are used to analyze photometric data of 126 carbon (C) stars whose spec- 
tra are visible in the First Byurakan Survey (FBS) (520) low-resolution (lr) spectral 
plates. In this work several IR color-color diagrams are studied. Early and late-type C 
stars are separated in the JHK Near-Infra-Red (NIR) color-color plots, as well as in 
the WISE W3-W4 versus W1-W2 diagram. Late N-type Asymptotic Giant Branch 
(AGB) stars are redder in W1-W2, while early-types (CH and R giants) are redder in 
W3-W4 as expected. Objects with W2-W3 > 1.0'" show double-peaked spectral en- 
ergy distribution (SED), indicating the existence of the circumstellar envelopes around 
them. 26 N-type stars have IRAS Point Source Catalog (PSC) associations. The red- 
dest object among the targets is N-type C star FBS 2213+421, which belong to the 
group of the cold post- AGB R Coronae Borealis (R CrB) variables (521). 


1. Introduction 

The goal of this paper is to analyze all possible IR data from modern astronomical cat- 
alogs for all the 126 C stars. For all confirmed stars we have considered IR color-color 
diagrams. IRAS Low-Resolution Spectra (LRS) in the wavelength range 7.7+22.6 
pm and Spitzer Space Telescope Spectra in the range 5+38 pm are presented for FBS 
1812+455. Relations between K-[12] color index and pulsation periods(P) are used to 
estimate the mass loss rate for eight C Mira-type variables. 


2. IR-Data 

We used the JHKs photometry from 2MASS catalog, the IRAS photometric data, which 
were used to select the original BIS (Vizier catalogue III/237A) sample, the observa- 
tions of the AKARI satellite at 9 and 1 8pm and of the WISE satellite at 3.4, 4.6, 12 and 
22pm (Vizier Catalogue 11/328). The WISE 4 bands photometry provides useful color 
indices: we show in Fig. 1 W1-W2 vs W3-W4 and W1-W2 vs W1-W4 color-color 
diagrams for 126 C stars. 

2.1. IRAS Data 

IRAS two-color plots are used in many papers and the Low-Resolution Spectra are 
important in discriminating between oxygen-rich (M stars) and carbon-rich (C stars). 
26 objects (N-type stars only) out of 126 FBS C stars detected are associated with 
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Figure 1. W1-W2 vs W3-W4 and W1-W2 vs W1-W4 color-color diagrams for 

126 FBS C stars. 


IRAS sources (519). Only four objects have fluxes up to 60 micron reported with good 
quality factors in the IRAS catalogue FBS 0137+400, FBS 0707+270, FBS 1812+455, 
and FBS 2213+421. 


2.2. Spitzer Data 

We have checked all 126 confirmed C stars for possible detection in Spitzer database 
(http://sha.ipac.caltech.edu/applications/Spitzer/SHA/). Only for the late N-type star 
FBS 1812+455, which is a Mira-type variable, the Spitzer Infrared-Spectrograph (IRS) 
spectra[12] are available in the range 5 +3 8pm. We present these spectra, together with 
the IRAS LRS in spectrum the most interesting features are the absoiption bands of 
C2H2 at 7.5 and 13.7pm and the very strong SiC emission at 1 1.3 pm. 
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2.3. 2MASS Colors 

To discriminate dwarf/giant luminosity class, we used the traditional color-color plots 
(J-H vs. H-Ks). We present 2MASS color-color plots for 120 FBS+DFBS C stars. 
This diagram clearly shows the sharp division between N giants and other C stars (the 
different location of early-type and late-type C stars, as in paper (518). The reddest 
object, at the uppermost right corner (517) is the N-type star FBS 2213+421, which 
belongs to the group of the cold post-AGB R Coronae Borealis Variables (R CrB). 

2.4. WISE Data 

WISE (Wide-Field Infrared Survey Explorer) [26] mapped the whole sky in 4 infrared 
bands, Wl, W2, W3, and W4 centered at 3.4, 4.6, 12, and 22 /mi (see CDS catalogue 
11/328 for photometric data, image data access is available at 
http://irsa.ipac.caltech.edu/applications/wise). The WISE 4 bands photometry provides 
useful color indexes although with some caveat. This database is analyzed also for C 
and M-type AGB stars in the Galaxy. All the 126 FBS+DFBS C stars were detected by 
WISE (see Fig. 2 for WISE color-color plots). 

2.5. AKARI Data 

39 objects (out of 126) were associated with the AKARI Point Source Catalog sources 
(CDS Catalogue 11/298). They are 38 N-type stars plus the CH star FBS 0018+213 = 
AKARI 0021334+213526, which is the brightest early-type CH star among the FBS 
sample. The star FBS 0043+474 = AKARI 0046284+474132 has no record on 9 /mi 
band, but it is observed at 18/mi band (S 1 8= 1 .0 1 E+00 Jy). The remaining 16 N stars 
were not detected by AKARI satellite, because of their faintness. 


3. Discussion and conclusion 

IR observations enabled us to study dust and gas features from the circumstellar en- 
velopes around these stars. The well-known relation between K-[12] colour and pul- 
sation periods was used to estimate the mass loss rate for eight Mira-type variables. 
The values obtained are between 10“ 5 and 10~ 7 M©/yr. and arc typical for N-type 
AGB variable stars. The reddest object among the studied targets is N-type star FBS 
2213+421 (Fig. 2 (a,b)), which belongs to the cold post-AGB R Coronae Borealis(R 
CrB) variables. 
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Abstract. The Byurakan Astrophysical Observatory (BAO) during its history has 
always been one of the centres for surveys and studies of active galaxies. Here we re- 
view our search and studies of active galaxies during last 30 years using various wave- 
length ranges, as well as some recent related works. These projects since late 1980s 
were focused on multiwavelength search and studies of AGN and Starbursts. 1103 
blue stellar objects (BSOs) on the basis of their UV-excess were selected using Markar- 
ian Survey (First Byurakan Survey, FBS) plates and Markarian’s criteria used for the 
galaxies. 1577 IRAS point sources were optically identified using FBS low-dispersion 
spectra and many AGN, SB and high-luminosity 1R galaxies (LIRG/ULIRG) were dis- 
covered. 2791 ROSAT FSC sources were optically identified using Hamburg Quasar 
Survey (HQS) low-dispersion spectra and many AGN were discovered by follow-up 
observations. Fine analysis of emission line spectra was carried out using spectral line 
decomposition software to establish true profiles and calculate physical parameters for 
the emitting regions. Multiwavelength approach allowed revealing many new AGN and 
SB and obtaining a number of interesting relations using their observational character- 
istics and physical properties. 


1. Introduction 

Byurakan Astrophysical Observatory (BAO) has always been one of the centres for 
surveys and studies of active galaxies, since mid 1950s, when V. A. Ambartsumian 
put forward his hypothesis on the activity of the galactic nuclei (Ambartsumian 1956a; 
1956b; 1958; a detailed review on the development of Ambartsumian’s ideas in this 
field is given by Harutyunian & Mickaelian 2010). Very soon, B. E. Markarian started 
the first systematic survey for active galaxies (Markarian 1967; Markarian et al. 1989), 
using UV-excess method. Lists of candidate active galaxies were compiled also by M. 
A. Arakelian (1975) and M. A. Kazarian (Kazarian et al. 2010) using similar methods. 
Thousands of active galaxies were revealed and studied. 

Since late 1980s, our group was involved in search and studies of active galax- 
ies using Markarian Survey observing material, then through optical identifications 
of IR and X-ray sources, statistical analysis of large multiwavelength catalogues and 
databases. We introduced multiwavelength (MW) research in BAO and accomplished 
a number of projects. Most of them were focused on MW search and studies of AGN 
and Starbursts (SB). The following directions may be mentioned: 

• Search for QSOs and Seyferts among FBS Blue Stellar Objects, 
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• Optical identification of IRAS PSC sources; active galaxies in the BIG sample, 

• Optical identification of ROSAT FSC sources and BHRC AGN, 

• Multiwavelength study of the bright AGN and Starbursts, 

• Spectral and multiwavelength study of Markarian galaxies, 

• IRAS PSC/FSC Combined Catalogue and its extragalactic sample, 

• Study of extremely high IR/opt flux ratio galaxies with Spitzer, 

• HRC/BHRC Combined Catalogue and its extragalactic sample, 

• NVSS-FIRST cross-correlation: variable radio sources, 

• ROSAT-NVSS AGN sample, 

• Fine analysis of emission line spectra of active galaxies, 

• DFBS and new search for active galaxies. 

Here we describe the most important projects related to search and studies of active 
galaxies. Most important results, achievements and products arc given at the end. 

2. Search and studies of active galaxies using multiwavelength data 

2.1. Search for QSOs and Seyferts among FBS Blue Stellar Objects 

The 2nd paid of the First Byurakan Survey (FBS; Markarian et al. 1989) was conducted 
in 1987-1996 (Mickaelian 2000; 2008, and references therein) for selection and further 
study of blue stellar objects (BSOs) on the basis of the FBS observational material. 
The main purpose of this work was to discover new bright QSOs, Sy galaxies, other 
compact galaxies, as well as cataclysmic variables (CVs), white dwarfs (WDs), hot 
subdwarfs, HBB stars and other peculiar stellar objects. 1103 objects were selected, 
including 716 new BSOs. In total, 11 lists were published (Abrahamian & Mickaelian 
1996, and references therein) and the FBS BSOs catalogue is available at CDS in Stras- 
bourg (Abrahamian et al. 1999). The completeness of the sample for objects with B 
< 16.5 and U-B < -0.5 was estimated as about 67%. Subsamples of candidate QSOs, 
WDs, CVs and other objects were constructed for their further detailed studies. Cross- 
correlation of FBS lists with ROSAT BSC and FSC (Voges et al. 1999; 2000) and 
radio catalogues NVSS and FIRST (Condon et al. 1998; Helfand et al. 2015) revealed 
candidate QSOs. Spectroscopic observations were carried out with BAO 2.6m, OHP 
1.93m and SAO 6m telescopes, as well as SDSS data were used. We have discovered 
12 new bright QSOs and SI galaxies, including a bright 14 m NLS1 at z = 0.118. The 
total number of FBS QSOs is 42 (Mickaelian et al. 1999; 2001; Veron et al. 1999). We 
have constructed the most complete sample of bright QSOs (B < 16.6 m ) over a large 
area (2250 deg 2 , the subarea of FBS common with Palomar- Green (PG) survey with 
|b| > 30° (Green et al. 1986) and estimated their surface density as 0.012 deg -2 . The 
completeness of the bright quasar survey (BQS; Schmidt & Green 1983) was revised to 
53%. New methods were suggested for accurate measurements of the positions, proper 
motions, magnitudes, colors and variability of FBS objects (Mickaelian & Sinamyan 
2010; Mickaelian et al. 2011). 
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2.2. Optical identification of IRAS PSC sources and BIG sample 

A programme of mass optical identifications of all IRAS (1988) PSC sources in a large 
(1487 deg 2 ) area on the basis of FBS low-dispersion spectra was conducted in the region 
with +61° < 5 < +90° at Galactic latitudes |b| > 15° (Mickaelian 1995; Mickaelian & 
Sargsyan 2004, and references therein). 

Among the 1577 identified sources, there appeal - to be late-type stars, planetary 
nebulae, candidate QSOs, single and multiple galaxies and small groups. A new sample 
of IRAS galaxies was constructed, Byurakan-IRAS Galaxy (BIG) sample containing 
1967 objects, including 1178 newly identified galaxies. Studies of BIG objects include 
spectroscopic follow-up for the brighter (V < 1 8) objects (redshift survey; Mickaelian et 
al. 1998; 2002; Balayan et al. 2001), discovery and study of new AGNs and ULIRGs, 
2D spectroscopy of interacting and merging systems, search for obscured IRAS galax- 
ies, and study of starburst (SB), AGN and interaction phenomena and their interrela- 
tionship. Spectral observations have been carried out using SAO (Russia) 6m, OHP 
1.93m and BAO 2.6m telescopes, as well as SDSS spectra are being used. 346 spectra 
for 229 BIG objects corresponding to 181 IRAS sources were obtained. Redshifts are in 
the range 0.008-0.173 and FIR luminosity is 3xl0 9 <Ly„/Lo<7.5xl0 12 . Classification 
were made by diagnostic diagrams (Veilleux & Osterbrock 1987). 



Figure 1. Two examples of multiple BIG objects. Image processing reveals 
signs of interactions between different formations. Left: DSS2 red image of IRAS 
16358+6709. For the 2 components, the average redshift and the dispersion is 
0.053565 and 0.000165, respectively. Right: IRAS 12120+6838 = BIG 284. BAO 
2.6m telescope ByuFOSC image obtained on 18.02.2002. The physical group has 
been confirmed by our spectroscopic observations. The 4 components have average 
redshift 0.060203 and the dispersion is 0.000702. 

BIG objects were grouped into several subsamples on the basis of their appearance, 
structure and nature: AGN (Sy galaxies, LINERS, composite-spectrum objects, etc.), 
high-luminosity IR galaxies, interacting/merging galaxies (Fig. 1) and distant groups. 
The maximum IR luminosity for a single spiral galaxy was estimated (Mickaelian et al. 
2001). High luminosity IR galaxies were revealed. 

2.3. Optical identification of ROSAT FSC sources and BHRC AGN 

Two large works on optical identifications of ROSAT sources were carried out, using 
ROSAT BSC and FSC (Veron-Cetty et al. 2004; Mickaelian et al. 2006). A collab- 
oration between Armenian (BAO), French (OHP), Hamburg quasar survey (HQS) and 
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ROSAT teams with participation of scientists from INAOE (Mexico) and China was 
conducted to study the Hamburg-ROSAT identifications and to select NLS1 galaxies 
for further detailed investigation. Moreover, sources from the ROSAT FSC were iden- 
tified and were observed as well. Beside NLS1 galaxies, X-ray sources identified with 
AGNs contain other interesting subsamples: QSOs, BLS1 galaxies, BLL, etc. An X-ray 
and optically flux-limited sample of - 1 000 Seyfert 1 galaxies was created. 

2.4. Multiwavelength study of bright AGN and Starbursts 

The bright AGN/SB sample from Veron-Cetty & Veron (2010) Catalogue was retrieved 
for further statistical analysis. Some 10,000 objects are involved brighter than 17. 5 m . 
The project is aimed at accurate measurements of the magnitudes, including the core 
- host galaxy separation (as the Catalogue gives contaminated data), correction of ab- 
solute magnitudes (and hence, re-classification between QSOs and Seyferts), study of 
the morphology of AGN, and MW study of the whole sample aimed at revealing many 
relations by using various color-color and other diagrams. SEDs for bright AGN were 
built and studied (Mickaelian et al. 2012). 

2.5. Spectral and multiwavelength study of Markarian galaxies 

Markarian galaxies were published in a series of 15 papers and then in several cata- 
logues (Mazzarella & Balzano 1986; Markarian et al. 1989; Bicay et al. 1995; Pet- 
rosian et al. 2007). SDSS covered a significant area of Mrk survey. Markarian survey 
was digitized (Mickaelian et al. 2007; Massaro et al. 2008), and digital low-dispersion 
spectra are available for all Mrk galaxies. Using all available data on Markarian galax- 
ies that appeared during the recent years, it is possible to carry out their homogeneous 
study to better characterize the sample in respect of various (including MW) parame- 
ters. We have classified 779 Mrk galaxies based on SDSS. These spectra give better 
classification and reveal fine details for these objects (Fig. 2). We have built MW SEDs 
for all Mrk galaxies to study them using the whole electromagnetic range. 




Figure 2. Examples of SDSS spectra of Mrk galaxies and their fine classification; 
Mrk 142 (Narrow Line Seyfert Galaxy, NLS1) and Mrk 1469 (SI. 8 showing broad 
emission components both for Her and H J3). 


2.6. IRAS PSC/FSC Combined Catalogue and its extragalactic sample 

We have compiled a joint catalogue of IRAS PSC and FSC by means of cross-correlation 
of these two lists (Abrahamian et al. 2015). We have used a new tool for cross- 
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correlations and as a result we obtained 73,770 associations. In addition, we have 
made cross-correlations with AKARI-IRC, AKARI-FIS and WISE catalogues. As a 
result we created a catalogue with high positional accuracy and with 17 photometric 
measurements from 1.25 to 160 pm range, providing a detailed catalogue for 345,163 
IRAS point sources. 145,902 (42%) of them arc candidate galaxies, subject for our 
further studies of this large IR selected galaxy sample. 

2.7. Study of extremely high IR/opt flux ratio galaxies with Spitzer 

Based on the selection of IRAS FSC sources by means of cross-correlations with radio 
(FIRST) and optical (MAPS) catalogues, we have created a sample of extremely high 
IR/opt flux ratio galaxies and performed IR spectroscopy by Spitzer IRS (Sargsyan 
et al. 2008). Sources have 0. 12<z<1.00 and luminosities (erg-s -1 ) 43.3<log[vF y (5.5 
pm)] <46.7, encompassing the range from local UFIRGs to the most luminous sources 
discovered by Spitzer at z~2. Approximately half of the sources have luminosity dom- 
inated by an AGN and approximately half by a starburst. 

We analysed the spectroscopic results for all galaxies observed with Spitzer IRS 
that also had total IR fluxes measured with IRAS, also using AKARI photometry. IR 
luminosities and SEDs from 8pm to 160pm were compared to PAH emission from SB 
galaxies or MIR dust continuum from AGN at rest-frame wavelengths ~8pm (Sargsyan 
et al. 2011). A sample of 230 galaxies was compiled based on their IRAS FSC fluxes 
to study their MW properties and carry out comparative analyses with other similar 
samples. We estimated the extinction for these 230 objects using SFRs calibrated from 
the PAH feature compared to UV flux, which showed that only 1 % of the UV continuum 
typically escapes extinction by dust within a SB (Hovhannisyan et al. 2011). 

2.8. HRC/BHRC Combined Catalogue and its extragalactic sample 

The joint catalogue of AGN selected from optical identifications of X-ray sources was 
created as a combination of two samples: Hamburg-ROSAT Catalogue (HRC; Zick- 
graf et al. 2003) and Byurakan-Hamburg-ROSAT Catalogue (BHRC; Mickaelian et 
al. 2006). Using the recent optical and MW catalogues we have revised both samples 
excluding false AGN and adding new genuine ones. Thus a new large homogeneous 
complete sample of 4253 X-ray selected AGN was created. 3352 of them are listed in 
the Catalogue of QSOs and Active Galaxies (Veron-Cetty & Veron 2010) and 387 also 
arc in Roma BZCAT (Massaro et al. 2015). 901 candidate AGN arc subject for fur- 
ther study. We classified 173 of these objects using their SDSS DR12 spectra. Various 
activity types were revealed. A special emphasis is made on narrow-line Syl.0-Syl.5 
galaxies and QSOs, as many of them have soft X-ray, strong Fell lines, and relatively 
narrow lines coming from BFR. We have retrieved MW data from recent catalogues 
and carried out statistical investigations for the whole AGN sample. An attempt to find 
connections between fluxes in different bands for different types of sources, and identify 
their characteristics thus confirming candidate AGNs have been carried out. We have 
analyzed X-ray properties of these sources to find a limit between normal galaxies and 
X-ray AGN (Paronyan et al. 2014a; 2014b; Mickaelian & Paronyan 2014; Mickaelian 
et al. 2016; Paronyan & Mickaelian 2016). 

2.9. NVSS-FIRST cross-correlation: variable radio sources 

NVSS (Condon et al. 1998) and FIRST (Helfand et al. 2015) have been carried out at 
the same wavelength (21 cm) or frequency (1400 MHz), which gives a unique possi- 
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bility to study radio variability of the common sources. The cross-correlation enabled 
us to find 556,282 radio sources present in both catalogs. Using the 3<x criteria we dis- 
tinguished 6,301 variable radio sources, and with certain limitations specified the 260 
strongest radio variables. We cross-correlated these 260 sources with other catalogs at 
different wavelengths (APM, SDSS DR10, VCV-13, BZCAT, 2MASS, WISE). As a 
result, we obtained photometric data for optical, NIR, MIR and radio ranges for these 
260 variable radio sources to study them in details (Abrahamyan & Mickaelian 2014a; 
2014b). The same will be done with all 6,301 sources. 

2.10. ROSAT-NVSS AGN sample 

X-ray and radio radiation is typical of many active galaxies, but there arc other X-ray 
and radio sources as well. However, the cross-correlation of these two kind of sources 
results in mostly AGN, especially if we use not very deep surveys. We attempted to 
create an X-ray/radio AGN catalog and make its MW studies. We have cross-correlated 
ROSAT catalogs with NVSS one with a search radius of 30". 9,193 associations have 
been found. To distinguish AGN from the normal bright galaxies and clusters, Veron- 
Cetty & Veron (2010) AGN catalog was used. 3,094 AGN were found. We were left 
with 6,099 X-ray/radio sources without an optical identification. Brighter objects arc 
normal bright galaxies, while we believe that all faint ones arc candidate AGN with 
some contamination of distant clusters. SDSS spectroscopic survey allows us classify 
objects by activity types, and a number of our candidate AGN is found to be present 
in SDSS. We attempt to find connections between the fluxes in different wavelength 
ranges, which will allow us to confirm AGN and blazars candidates and in some cases 
find new ones (Paronyan et al. 2014). 

2.11. Fine analysis of emission line spectra of active galaxies 

Most of type 1 AGN have contaminated spectral lines so that the broad component is 
overlapped on the narrow ones. A programme of fine analysis of emission line pro- 
files and detailed spectroscopic classification of bright SI galaxies (including NLS1 
ones) was conducted in collaboration with Veron & Veron-Cetty (OHP, France). It 
was aimed at studying the differences between the classical BLS1 and NLS1 galaxies 
(Osterbrock & Pogge 1985) and correlations between Fell and Balmer lines, Fe II and 
[OIII], and better understanding of the physics of AGN central regions. However, it 
appears that there is not a strict separation between the BFS1 and NFS1 galaxies (the 
linewidth limit at 2000 km-s -1 is arbitrary), and the intermediary objects may fill the 
gap. High-dispersion spectroscopy of 90 Sis having intermediate FWHMs was carried 
out at OHP 1.93m telescope with 0.9 A/pix dispersion, the spectral resolution being 
3.2A. Sis from Veron-Cetty & Veron (2010) with V<16 and z<0.1 were selected, in- 
cluding well-known objects (Fig. 10). 

The analysis was made using the special program SPECTRAI to fit the spectral 
lines profiles to the observed spectra (Veron et al. 1980). A study of variability of Kaz 
galaxies was also conducted (Kazarian & Mickaelian 2007). 

2.12. DFBS and new search for active galaxies 

Even before the digitization project, some FBS spectra were scanned with the Machine 
Automatique de Mesures Astronomiques (MAMA, Observatoire de Paris, France) to 
reveal low-contrast spectral features. Five known QSOs were revealed, confirming the 



Search and Studies of Active Galaxies Using Multiwavelength Data 


147 



•UMElDlCT* 



■AVtLtNCTH 


Figure 3. Fine analysis of the emission-line spectra of active galaxies with the 
dedicated software SPECTRAL Examples of the results of the fitting in ranges 
around H/3 (Mrk 509; left panel) and Ha (Mrk 926; right panel). 


nature of these objects, including one discovered during our observations at OHP. Other 
objects have continuous spectra and may turn out to be QSOs, BL Lacs or DC WDs 
(Mickaelian et al. 2002). 

Markarian Survey was accomplished with a goal of revealing new active galaxies 
and this was achieved by eye selection. We have digitized this survey plates and created 
the Digitized First Byurakan Survey (DFBS; Mickaelian et al. 2007; Massaro et al. 
2008). Low-dispersion spectra may be rather efficient for optical identifications and 
search for new bright AGN. 

The Armenian Virtual Observatory (ArVO; Mickaelian et al. 2009b) was created 
based on DFBS and many science projects have been discussed and tested (Mickaelian 
2007; Mickaelian et al. 2009a), including the search for new bright AGN and other 
active galaxies. 


3. Summary and future projects 

A number of results were achieved by our search and studies of active galaxies: 

• discovery of new bright AGN among the FBS BSOs, re-estimation of the com- 
pleteness of BQS (53%) and estimation of the surface density of bright QSOs/AGN 
(0.012 deg' 2 ), 

• optical identification of 1577 IRAS unidentified IR sources, including 1279 galax- 
ies (BIG objects) and 287 stars (BIS), discovery of new bright AGN and ULIRGs, 
discovery of dozens of new pairs and multiple galaxies, estimation of the maxi- 
mum luminosity of a single spiral galaxy (10 12 L 0 ), study of interrelationship of 
AGN / interaction / starburst phenomena for IRAS galaxies, 

• optical identification of 3212 ROSAT FSC X-ray sources; discovery of new 
bright AGN, optical identification of 2791 ROSAT FSC X-ray sources (BHRC 
objects); estimation of the abundance of various types of objects among X-ray 
sources, 
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• discovery of 32 highest IR/opt flux ratio extragalactic sources selected from IRAS 
FSC and observed with Spitzer, discovery of the highest IR/opt flux ratio (40- 
1000) extragalactic objects, 

• establishment of accurate magnitudes for AGN and the first statistical study of 
AGN catalog, 

• discovery of the spectral variability of Akn 564 and Kaz 102; fine analysis of 
emission lines, 

• complete AGN classification for HyperLEDA database and elsewhere. 

The results are published in the listed papers and books (DFBS, etc.), BAO, and 
A i' VO webpages, the discovered objects are included in the most important databases 
(NED, HyperLEDA, etc.), a number of catalogues arc published in Vizier: 

• First Byurakan Survey (FBS), 2nd Program (1999), Catalogue 11/223 

• FBS blue stellar objects DSS1/DSS2 astrometry (2004) 

• Optically bright AGN in ROSAT-FSC (2004) 

• Digitized First Byurakan Survey plate database (2005), Catalogue VI/1 16 

• Optical identification of ROSAT-FSC sources (2006) 

• Revised and updated First Byurakan Survey (FBS, 2008), Catalogue III/258 

• IRS spectra of faint IRAS sources (2008) 

• Proper motions of FBS blue stellar objects (2010) 

• Variability of FBS blue stellar objects (2011) 

• IR spectra and SEDs for starbursts and AGNs (201 1) 

• Study of 230 IRAS-FSC galaxies (201 1) 

• IRAS PSC/FSC Combined Catalogue (2015), Catalogue 11/338 

Many new projects arc possible based on our studies and using our data products 
(DFBS database, published catalogues, etc.). 
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Abstract. We are considering the changes of the structure of the Metagalaxy from 
its most distant, observable edge to the nearest space in the framework of the model, in 
which the presumption made that the large scale objects in the Universe have dispos- 
able origin. On the basis of this model, the nearest galaxies go through evolutionary 
phases of objects of different status according to the distance. In the case of this model 
the quasars are the earlier evolutionary stages of the galaxies. On the assumption of 
observations, in the large scales, the Universe instantly or in every moment of time is 
homogeneous and isotropic. The observed space of Metagalaxy is isotropic but it is ho- 
mogeneous only spherical-concentrically. The method is considered how it is possible 
to estimate the age of the Metagalaxy using the redshifts of objects located at different 
distances. 


1. Introduction 

Real understanding of the cosmogonic hierarchy of the Universe is the basis of inves- 
tigation of structure and evolution of the Metagalaxy. This could be reached using 
comparison of the astronomical observational data. The possibility to observe objects 
on different evolutionary stages due to distance, contemporaneously, made it possible 
to give chronological picture of their development according to distance and see the 
evolutionary changes of structural formations. Discovery of the Hubble Law made it 
possible to investigate dynamical evolution of the Universe. 

By using the modern powerful observational facilities we have a possibility grad- 
ually to recover evolutionary structural changes from today situation to the Big-Bang 
moment. Durable effort of astronomers is needed for finding reality in the cosmology. 
However, the tendency of development of astronomy and further prospect have revealed 
true directions for research for understanding of the essence of the Universe evolution. 
This helps us by means of future appropriate observations, to single out from alternative 
hypothesis the most acceptable one and chose a logical direction of the research. 

The cosmological model of the Universe could be build up in consequence of 
existing physical laws and pure mathematical considerations. But without certain con- 
formity with astronomical objects and phenomena it cannot create an adequate picture 
of the Universe structure and evolution. Every cosmological model can turn into the ob- 
ject of versatile criticism if it does not conform with observations. A model can acquire 
a refined form by its comparison only with unbiased observational data and bringing 
into accord with them. 
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2. On the Evolutionary Hierarchy of the Metagalaxy 


Based on Einstein General Relativity Theory (602) the idea about expansion of the 
Universe begins from Friedmann’s prediction (603; 604) and is confirmed with the 
discovery of Hubble Law v = Hr (605). Because of the expansion, from the moment 
of the Big Bang in the Universe, on average, a gradual transition of matter from more 
dense state to the less one takes place. If the expansion is characterized by Hubble 
constant, as a constant it characterizes the Universe only instantly, because of variation 
of the Universe expansion rate after Big Bang, the Hubble constant varies with time H = 
H(t). If we had been able to observe the whole Universe simultaneously, then would 
have established the present value of the Hubble constant Hq. But to observe the whole 
Universe simultaneously is impossible. On the other hand it is possible to observe the 
objects located on different distances in the Metagalaxy space, in different epochs of 
the real time, or we arc observing the Metagalaxy areas and objects simultaneously on 
different evolutionary stages. Therefore, we are getting possibility to trace the structural 
characteristics and evolutionary changes of the areas around us located on different 
distances from the remotest objects of the Metagalaxy through the all stages up to the 
present epoch. So, our nearest objects represent the nowadays versions of formations 
of earlier epochs. 

As seen from observations, the same type objects do not situated on quite different 
distances. As, for example, quasars do not observed on near distances and galaxies do 
not exist on the distances corresponding to quasars. Therefore the suggestion about the 
disposable origin of the large scale, different evolutionary state objects of the Universe 
is logical and of the same type objects do not originate on different epochs. So for the 
moment neither galaxies nor quasars originate. Quasars represent early evolutionary 
stage of galaxies. More distant objects than quasars, or the formations with higher 
redshifts could not be galaxies, though they arc called the most distant galaxies. Objects 
with the higher redshifts than the z of quasar's, are proto-quasars. Quasar's are a kind 
of compact objects and it is logical to presume earlier evolutionary stage. If the more 
distant objects then quasar's have any structure it does not mean that they are objects like 
galaxies. If these structural formations are characteristic of the highest z objects, then it 
is logical to suppose that the proto-quasars have tremendous intrinsic nonstability than 
quasar's and the observed structures are the result of the ejection of matter from proto- 
quasars. Even earlier state of proto-quasars should be searched in “formations” which 
are creating the 3K microwave radiation (606). For that we think that the term “relic” 
is inappropriate, as the radiation of quasar's and proto-quasars is also relic. In reality, 
in today’s era they already do not exist, as well as galaxies do not exist in the epoch of 
proto-quasars and quasar's. 

Thus should be strictly separated observed picture of the early Universe and of 
the nowadays real Universe (Metagalaxy). As the space around us in the large scales 
is isotropic, it does not mean that the observable Universe is homogenous. In real- 
ity, the Universe (Metagalaxy) is homogenous and isotropic in each moment. But 
the observable Universe is isotropic but not homogenous. The Universe is homoge- 
nous only spherical-concentrically. Spherical-concentrically manifested the Universe’s 
(Metagalaxy) evolutionary changes from the Big Bang to the today’s era. 

If trace the Universe spherical-concentrically due to the increasing of distance, 
or according to the increasing of the z, then we could reproduce the picture of the 
structural-dynamical development from the epoch of the Big Bang to today. 



Observational Aspects of the Metagalaxy’s Structure 


153 


As quasars represent objects of the earlier evolutionary epoch then galaxies, so the 
nearest galaxies should be the oldest formations in the Universe. The big difference 
exists between the physical parameters of quasars and nearest galaxies. So it is logical 
that between the types of these objects should be intermediate objects. We think that 
these intermediate objects mainly differ by evolutionary state; it means they differ by 
redshift and are intermediate between quasars and nearest galaxies. Which is confirmed 
by the distribution of these objects on diagram “redshift- visible magnitude” Fig. 1 (607). 
These are: Lacertae objects, Radiogalaxies, N-Galaxies, Seyfert galaxies, galaxies with 
ultraviolet excess, galaxies with dense nuclei - cerns, compact galaxies, on the whole, 
galaxies with active nuclei and other type galaxies which are anomalous by different 
physical parameters. 
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Figure 1 . The dependence of Redshift vs apparent Magnitude for the extragalactic 
objects. There are objects with known redshifts (609; 610; 612; 611; 613; 614) on 
the diagram: Quasars, Lacertae objects, Seyfert galaxies and galaxies - about 36930 
objects altogether. This sequence of objects is represented on the diagram from high 
to low redshift (z). 

On Fig. 1 it is evident that quasars have the highest absolute luminosity. It is logical 
to suggest that they should be also the most massive objects, because they represent 
more earlier evolutionary stage of the galaxies and during the evolution to the galaxies 
they have to losing huge mass in the form of radiation, if not talk about the direct losing 
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of matter. It is also noteworthy, that as higher z objects arc revealing for today, so the 
tendency of increase of their absolute luminosity is outlined. This also strengthens the 
version of the disposable origin of objects in the Universe. 

So quasar's represent not the non-stationary nuclei of distant galaxies but they rep- 
resent the earlier evolutionary stage of galaxies and they have exact place in the Meta- 
galaxy, different from other objects. 


3. On the Age of the Metagalaxy and the Universe 


As the state of an object on the certain r distance represents its appearance for the fixed 
t moment of the real time, taking into account the scale factor for the each t moment the 
Hubble constant is: H(t) - \ So the recessional velocity according to the Hubble 
law is a function of distance: v(r ) = H(r) • r. Consequently, the difference between 
the ages of the objects located on the boundary of the Metagalaxy and the nearest ones, 
which we can consider as the age of the Metagalaxy, should be: 


0 = 



( 1 ) 


where R is the radius of the Metagalaxy (607). This relationship should be precise in 
case of knowing the functional expression for v{r). 

The T age of the Universe should be the age of objects on R distance T. plus the 
age of the Metagalaxy: T = 0 + x ¥. 

If we take into account the relationship between the recesional velocity v(r) and 
z(r) redshift, for the age of the Metagalaxy we have (608). 



c 


v; 


1 + 


Z 2 (r) + 2 z(r) J 


dr 


( 2 ) 


When using 2 relationship, the estimation of distance to the objects is problematic 
- because of the evolutionary changes the absolute standards of the lunrinocity should 
not to be exist, especially for a model of the Universe where the process of origin and 
development of objects is disposable. 

Due to the growth of space of the Metagalaxy its age also will grow and it will 
gradually approach to the age of the Universe. 


4 . Conclusion 

On the basis of the observational facts we consider that the chronological picture of the 
Universe’s evolution should be got using structural-dynamical changes of the spherical- 
concentrical located from us areas and objects. In such a hierarchy of the Universe the 
origin of the similar - objects is disposable and not occurs on the different evolutionary 
stages of the Universe. In such a model of the Universe, quasars represent earlier evolu- 
tionary stage of galaxies and are the objects of rather different evolutionary status than 
are galaxies. This version strengthened by the fact of not existence of quasar's in near 
space and by not existence of galaxies in the distances where quasar's are located. The 
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evolutionary phases of the objects of the Universe arc determined by their redshifts or 
distances. With the growth of the objects’ redshifts their corresponding ages, the time 
interval from the Big Bang to the epoch of their modern observable types, diminish. 
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Abstract. The Digitised First Byurakan Survey (DFBS) provides low-resolution 
dispersion optical spectra for more than 24 million objects. A two-step (rough filter and 
fine search) machine learning algorithm based on measuring similarities to predefined 
templates is applied to identify classes of template-like objects in the dataset. The 
templates include late type stars (carbon and M stars), quasars and white dwarfs. The 
method can be applied as a quick-look analysis in other sets of low resolution spectra, 
e.g. in the GAIA mission. 


1. Introduction to Digitised First Byurakan Survey 

The original First Byurakan Survey (FBS) was the first systematic objective prism sur- 
vey of the extragalactic sky initiated by Markarian, Lipovetski and Stepanian in be- 
tween the years 1965-1980 at the Byurakan Astrophysical Observatory with the lm 
Schmidt telescope and 1.5° prism (618). It contains 2050 Kodak photographic plates, 
each of angular filed size of 4° x 4°. In total, the survey covers 17,000 deg 2 of the 
Northern and partly of the Southern sky 6 > -15°. The crowded Galactic plane is 
excluded, leaving only fields of high galactic latitudes \b\ > 15°. 

Each FBS plate contains about 15,000 - 20,000 low-dispersion optical spectra, 
yielding more than 24,000,000 objects in the whole survey. For comparison, SDSS 
contains about 4,000,000 spectra (619). The spectral range is 340 - 690 nm. The 
sensitivity gap occurs near 530 nm, dividing the spectra into red and blue parts. 

The plates have been scanned and digitised which resulted in Digitised First Byu- 
rakan Survey (DFBS). The spectra have been extracted in a catalog-driven way, using 
object positions obtained from the USNO-A2 catalogue as a reference down to the plate 
limit 17”' in the R band. The astrometric solution is within the positional error of 1" or 
less. The two dimensional boxes containing spectra have been identified and integrated 
to yield one-dimensional low dispersion spectra, 141 pixels each. 

The entire DFBS catalogue along with more details on the digitalisation process 
can be found online at http : //ia2 . oats . inaf . it 
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2. Machine learning classification 

Only a fraction of the USN0-A2 objects found in the DFBS plates has been spectrally 
classified in the literature. The machine learning (ML) object classification method 
proposed in this work is based on finding similarities (similarity measures) between an 
unknown object and a predefined template representing a source of a known spectral 
type. The vast majority of the objects within the DFBS archive are not member of any 
of the object classes represented by the templates. Therefore, after the standard data 
calibration phase and specifying templates, the classification is performed in two steps. 
To reduce possible mi s-classification due to noise caused by high abundance of sources 
not related to the studied templates, the sources not similar to any template are filtered 
out. Then the principle component decomposition and clustering is applied. 

2.1. Data Reduction 

Extracted spectra may be slightly misplaced. For any machine learning classification 
it is important to calibrate wavelengths for each digitised spectrum to have a consis- 
tent input feature set. Therefore, the position of a steep drop in sensitivity in the 
red part of a spectrum was used for wavelength calibration. Hartmann-like formula 
A = 190 + 21930 /(k - irb + 43.86), where k is the pixel position along the spectrum 
and irb the position of the red cutoff, is used to obtain the wavelength A in nm. Notice 
that the pixel to wavelength transformation does not preserve equidistant binning. The 
accuracy cannot be better than 1 pixel. The dispersion is about 1.5 nm/pix at 370 nm, 
2.6 nm/pixel at Hy and 1 nm/pix at the red edge. The spectral resolution is at least 2 
times worse, as the photographic grains occupy 1.5-2 pix. An illustrative spectrum of 
a hot subdwarf DFBSJ120146.01-034540.3 (aka PG 1 159-035) is shown in Fig. 1 



Figure 1. An example of an extracted spectrum of a hot subdwarf 
DFBSJ120146. 01-034540. 3. The red cutoff used for the wavelength calibration is 
marked by a vertical dashed line. The sensitivity drop around the pixel 53 is also 
clearly seen. Astrometry error is marked in the parenthesis. 

The actual apparent magnitude of a source does not contribute to the spectral clas- 
sification, the flux at the position of the red peak was used to normalise the spectrum. 
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The classification method was tested on a sub-sample containing 404 270 sources 
in 24 plates using objects of magnitude between 15 - 16.5 mag in the R band with 
S/N > 8. Only well extracted, non-overlapping, non-corrupted spectra were used in 
the analysis. 

2.2, Class Templates 

The primary goal of the classification is to find rare or unusual objects. Eight different 
object classes have been predefined in the way that the key representative members 
in each class were identified as they occurred in the DFBS: UV excess (Markarian) 
galaxies: Mkn 266, Ka 163; quasars (QSOs): CSO 409, PG 1634+706, HS 1626+6433; 
white dwarfs: PG 0109+111, PG 1449+168, PHL 962; hot sub-dwarfs: PG 1159-035, 
PG 1638+147; cataclysmic variables: DQ Her, UX CVn, V1193 Ori; M-stars: BIS 
029, BIS 196; Carbon-stars: BIS 001, BIS 036, BIS 184; planetary nebulae: NGC 
2242, NGC 6210, NGC 7009. The corresponding spectra arc shown in Fig. 2 

For the purpose of template definition, the spectra of the class representatives were 
averaged. For simplicity, the class groups were merged in three groups only: ’QSO’ 
(containing QSO and Markarian galaxies), ’white dwarfs’ (containing white dwarfs 
and hot sub-dwarfs) and late type stars ’M-stars' (containing M-stars and carbon stars). 
The groups arc summarised in Table 1 . Planetary nebulae were not considered in the 
classification. 

Table 1 . An overview of the three meta-templates and the sources used in defining 
them for the purpose of the classification. 


Meta class 

Sub-class 

Source identifiers 

Quasar-like 

UV excess galaxies 
Quasars 

Mkn 266, Ka 163 

CSO 409, PG 1634+706, HS 1626+6433 

White dwarfs 

White dwarfs 
hot sub-dwarfs 

PG 0109+111, PG 1449+168, PHL 962 

PG 1 159-035, PG 1638+147 

Late type stars 

M stars 

Carbon stars 

BIS 029, BIS 196 

BIS 001, BIS 036, BIS 184 

The advantage of generating templates from the survey itself to obtaining templates 
from simulations is that the same data acquiring process is used to obtain both the 


templates and unknown objects. This lower the importance of exact calibration and 
determining biases coming from instrumental effects. 

2.3. Pre-filtering 

In the preselection phase three distance measures were considered: the cross-correlation 
distance, the Euclidian distance and the Euclidian distance in the space of integrated 
spectrum over red and blue parts of the spectrum. 

The cross-correlation yields the correlation coefficient defined as 

Z/Djj - Di)(T kj - tj) 

y/ZjiDij - A ) 2 ^jiT k j - f ,) 2 


rik - 


( 1 ) 
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Figure 2. Spectra of eight sources representing eight template members consid- 
ered in the classification analysis with their one-dimensional and two-dimensional 
spectra. 


where Dj and fj are mean values over the j-th variable, D and T stand for the 
unknown spectrum and the spectrum of a given template. 

A point-wise Euclidian distance between two spectra is calculated using 

4 = ^D i j-T kj ) 2 ( 2 ) 

where both spectra were first normalised to have zero mean and unit variance. 

To mitigate the wavelength calibration displacement and a possible unwanted back- 
ground fluctuation, the 0, +1 and -1 pixel displaced spectra are used to adopt for a pos- 
sible inaccuracy during the digitalisation (615). Only the minimal distance between the 
template and the shifted spectra was considered. Blue and red pa its of the spectrum are 
analysed separately yielding two new sets of features. 

The rough integrated red and blue flux defined as the sums over the red and blue 
regions of the spectra are used as two more new features. 

Having several values of the similarity measures to each template object, a new 
vector space is constructed and the objects arc sorted by the distance to the nearest tem- 
plate. Since the majority of the objects arc regular stars different from all the templates 
a threshold 0,1, = 99.99% is set. Only the objects nearer to any of the templates than 
D,i, pass to the next step of the analysis. 

2.4. Principal Component Analysis 

Once the rare spectral class member candidates have been preselected in the previ- 
ous step, the Principal Component Analysis (PCA) is applied to their original spec- 
tra to down-size the dimensionality of the problem from the 141 dimensions and to 
achieve more sensitive classification, transforming the space of the spectra into 10 di- 
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mensions, avoiding the curse of dimensionality issue (617). Due to uneven level of 
noise at each pixel the combination of the signal and the noise is expected and there- 
fore the weighted PCA is applied. The PCA solution solution is found iteratively based 
upon the Expectation-Maximisation algorithm. 

2.5. Clustering 

Unsupervised clustering based on minimal spanning tree (? ) applied on the PCA 
transformed spectra was then used to find neighbour-hooding objects. The resulted tree 
is trimmed with the threshold set to 0.05 of the average distance in the dataset. The 
2D projection of the tree and tree islands containing the original template members are 
identified and marked in Fig. 3. The first 5 identified candidates in each group (QSO, 
white dwarfs and late type stars) were inspected visually to approve wether they belong 
to the class of objects suggested by the algorithm. 



Figure 3. Full (left) and trimmed (right) minimum spanning tree shows cluster- 
ing around templates as cluster centres for QSOs (blue colour), carbon and M stars 
(black) and white dwarfs (yellow). Two dimensional PCA projection of the feature 
space is used for visualisation purposes. 


3. Conclusion 

Preliminary results of the ML classification based on clustering around known clus- 
ter centres defined by the set of templates showed promising result on the tested sub- 
sample of 404,270 spectra (~ 17% of the total volume of DFBS). The match within 
the chosen trimming threshold is 100%. Confirmation of the identified candidates as a 
function of the tree trimming threshold is going to be studied in the up-coming work. 

Due to the large size of the full dataset splitting the dataset to chunks is required. 
Parallel versions of the algorithms (parallel PCA, minimum tree spanning and merging 
and thresholding during the preselection phase) have been tested successfully. There- 
fore, extending the analysis to the entire DFBS is feasible and will be a subject of an 
on-going work. The most computationally expensive “big data” part of the algorithm 
lies in the preselection phase which is run in parallel for small chunks of data. 
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If a good size training sample for a sub-class exists the bagging algorithm with 
positive cases only (PU learning) will be applied for binary classification, the applica- 
tion on M and Carbon stars is in preparation. 

The PCA performs poorly if data arc contaminated with high level of noise. To 
extend the analysis for fainter or noisy sources, more robust feature self-extraction 
method, such as Bernoulli Restricted Boltzmann machine model or convolutional neu- 
ral netowrk, will be used. 

The machine learning techniques learnt in this work can be applied on other datasets 
of similar characteristics, e.g. on the GAIA quick look low-resolution spectra and tran- 
sient alerts, such as gamma-ray burst follow-ups. 
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Abstract. The presented work aims to reveal the essence of the two basic approaches 
concerning to the origin and evolution of galaxies. This is very important from the point 
of avoiding the ambiguity in the interpretation of results. 


1. Introduction 

One of the main problem of extragalactic astronomy is to understand how galaxies 
formed and evolved. There are two basic approaches to solve this problem. One of 
which, that is widely accepted in the literature is so called standard scenario (e. g. 
Benson, 2010), and another, which is less disseminate in the scientific literature, is 
Ambartsumian’s concept (Ambartsumian 1958). 

Key question, which arise when clear up a problem of formation and evolution 
of galaxies is the question of energy: what is the energetic budget of AGN owing to 
formed galaxies and provide its subsequent development. 

For solving any problem, it is very important our chosen approach. If our approach 
is not justified, or is wrong, then no matter how many right steps we take, we will never 
achieve to the solution of the problem. 

Considering that circumstance, a work is presented here that aims to reveal the 
essence of the mentioned above two approaches concerning the origin and evolution 
of galaxies. This is very important from the point of avoiding the ambiguity in the 
interpretation of results. 


2. Standard approach 

Modern galaxy formation and evolution theories arc detailed described in the literature 
(e. g. Benson, 2010). Here I present short description of these theories and some 
difficulties, which arise in the time of explanation of observational facts in the frame of 
these theories. 

The Universe emerged from the Big Bang with small inhomogeneities. These 
eventually grew into lumps, called haloes, by attracting surrounding matter gravitation- 
ally. The competition between radiative cooling and gravitational heating determines 
the fate of gas in these haloes (e.g. Rees and Ostriker, 1977). In low-mass haloes cool- 
ing dominates. Galaxies grow through the accretion of gas that falls to the center in 
cold flows, settles into disks and forms stars. This is the picture formation of spiral 
(disk-shaped) galaxies. 
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However, when the halo mass grows above a critical value of about 10 12 solar 
masses heating dominates, and the gas no longer accretes onto galaxies (e. g. Dekel 
and Birnboin, 2006). Halo mergers form large haloes that contain tens or even hun- 
dreds of galaxies, called groups or clusters, respectively. Galaxy mergers within haloes 
transform disks into bulges (Toomre and Toomre, 1972) and are the only opportunity 
for galaxies to grow after they have ceased to accrete gas. 

Such general picture formation of galaxies in the frame of ACDM (lambda Cold 
Dark Matter) cosmology, i. e., galaxies with low masses form in the early epoch, and 
massive supergiant elliptical galaxies would have comparable low red shifts. However, 
observational data shows that here available some contradiction. The first, usually spi- 
ral galaxies in comparison with supergiant elliptical galaxies have small masses, but 
observations shown that often meet bulge less giant spiral galaxies (Kormendy et al. 

2010) , and the second, very massive galaxies arc obtained in the early epochs (Castro- 
Rodriguez and L’opez-Corredoira, 2012). Those results appeal - to conflict with A-CDM 
models that claim that the most massive galaxies formed after lower mass. 

Within the framework of these theories it is tried to explain the day to day growing 
observational data that do not fit into simple schemes which take out of these theo- 
ries (Silk, 2011). These present the problem of so-called "cooling flow", or cooling 
catastrophes (e. g. Cattaneo et al., 2009). 

It is assumed that the center of each early-type galaxies, or late-type galaxies with a 
bulge is a black hole whose mass is proportional to the mass of the stellar population of 
the galaxy -Mbh ~ 0.001 M\, u i g e (e. g. Ferrarese and Merritt, 2000). The black hole and 
the galaxy are formed at the same time, in the same age of the universe (e. g. Hopkins, 
2006), that is processes of emergence of the black hole and the galaxy interconnected. 
As matter falls into a black hole, its main part (90%) nourishes the black hole - a black 
hole is growing (Nardini et al. 2008), but it is not clear how this growth occurs (Silk, 

2011) . Through the rest of the matter released enormous energy (Lynden-Bell,1969), 
which is about 10% of the rest mass energy, E = me 2 , and is emitted in the form of 
thermal photons and/or, for example, in the form of synchrotron radiation of relativistic 
charged particles. 

X-ray observations show that galaxies with large masses, groups of galaxies, clus- 
ters of galaxies contain hot gases (10 7 - 10 8 °K), which emit only in X-rays. This 
radiation is attributed to high energy quanta that arise when matter falls on a hypotheti- 
cal accretion disk. Owing to radiation, gas must be cooled quickly and in large chunks 
fall to the accretion disk. Thus, we have had with large masses of black holes and mas- 
sive galaxies - "degenerative galaxies". This is the problem of cooling flow or cooling 
catastrophe (is compared with the paradox of "nitrogen catastrophe", which originated 
in the late 20s of the last century, before the rise of quantum theory, when the core 
model presented exclusively from the point of view of classical physics (Gershtein and 
Logunov, 2008) ). The problem is how to pause for a large amount of matter supply, 
which increases the black hole and the galaxy. The challenge theorists to find a mech- 
anism that would be regulate and would balance the gas cooling process. Hence, arose 
the need for a feedback process (feedback), i. e. such processes, which would regulate 
the relationship between the core of the galaxy and its environment. 

To regulate the processes of star formation in giant galaxies, to take into consider- 
ation the processes of stellar feedback were not effective. Therefore, it was suggested a 
more powerful process - feedback through a black hole (e. g. Cattaneo et al., 2009). By 
these processes theorists tty to explain the observational data concerning to the origin 
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of galaxies, including the Mbh ~ M st , Mbh ~ cr ratios, as well as the suspension 
of the process of star formation in elliptical galaxies, which explains the red color of 
these galaxies, despite fact that 25% of these the central parts of the galaxies were blue 
(Bildfell et ah, 2008). 

Thus, summing up the standard scenario the origin and evolution of galaxies, I 
select those basic propositions that arc crucial for these theories: 

a. In these theories, underlie the assumption that stars are formed from diffuse 
matter. It is accepted as a matter of course, as an axiom, and by its nature is a speculative 
theoretical construct. There is no fundamental theory that would explain the formation 
of the stars (Silk, 2011, - "Star formation remains the outstanding problem. We have 
no fundamental theory of how stars form"). 

b. In the interconversion of energy processes dominated by gravitational forces. 
The source of energy of AGN is believed to be accretion of matter by a SMBH in the 
center of the host galaxy nuclear bulge, or the energy released when merging galaxies, 
and discussed the efficiency with which AGN can transfer energy to the surrounding 
gas. Active processes in the nuclei of galaxies, arc secondary phenomena. However, 
the connection between the processes in the nuclei of galaxies, and merge (merging), at 
least, questionable (Bennert et ah, 2008). Regarding to the theory of black holes aptly 
expressed in Silk, 2011, - "As for SMBH, we lack any theory of their formation, or 
perhaps more accurately, we have too many theories". Thus, the standard approach is 
mechanistic in nature. 

c. Finally, one important circumstance is represented which is of key importance 
for further discussion. When some observational fact does not fit in the system of 
preconceivied speculative theory, then introduce additional schemes, which arc also 
based on preconceived considerations, and not logically inconsistent with the previous 
schemes. For example, to achieve the above, arose on the basis of preconceived theo- 
retical considerations the problem of cooling catastrophes, various feedback schemes 
were used. It would be natural to just review these theoretical considerations. 

Any of the above arguments is sufficient to at least be wary of the standard ap- 
proaches in clarifying issues related to the formation and evolution of galaxies. 


3. The concept of Ambartsumian 

The most complete account of the results of research Ambartsumian on the evolution of 
galaxies based on a fundamentally new view of active galactic nuclei and their decisive 
role in the origin and development of galaxies, they were presented in a report at the XI 
Solvay conference in Brussels (Ambartsumian, 1958a). Aambartsumian study on the 
emergence and evolution of galaxies was a logical continuation of his works devoted to 
the stellar cosmogony (Ambartsumian, 1954). 

The stalling point for the development of concepts of cosmogonic activity of galac- 
tic nuclei was the existence of a dynamically unstable, decaying systems of galaxies 
(Ambartsumian, 1958b). The fact that a group of stars (e.g., multiple Trapezium type 
stars) appeal - in the center of star-forming regions have positive energy, i. e., break up, 
hence the initial time covered a small volume, was the basis for Ambartsumian assume 
that a similar argument holds with respect to multiple galaxies. It was natural to con- 
clude that each group immediately after its formation is a system more closely than we 
are seeing now. Hence, arose the idea of the decisive role of the central condensations 
- galactic nuclei in the origin and development of galaxies. 
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Nuclei activity leads to the formation of the various components of the galaxy, 
which explains the crucial role of the nucleus in the formation of galaxies. Although, 
star subsystem, once formed, then developed by themselves, depending on the nucleus, 
as well as other subsystems in accordance with the laws of stellar dynamics. In this 
case, the physical conditions of the nuclei arc somewhat independent of the condition 
of a galaxy. More precisely, in this case, the state of the galaxy should be explained 
through the period of the previous nuclei activity, i. e. for all the lifetime of the nucleus. 

Thus, the core being dynamically autonomous with respect to the rest of the sys- 
tem, and from a purely mechanical point of view, its evolution can be studied inde- 
pendently of environmental mechanical star system, and have their intrinsic properties. 
In other words, nuclei activity is an intrinsic property, and activity energy is produced 
inside the nucleus. 

It is known that an important engine of any development in nature arc contradic- 
tions. These contradictions arc particularly pronounced when the system or the body is 
in an unstable state, when there is a struggle in which opposing forces. We also know 
that each system tends to a stable state. When the opposing forces struggle reaches a 
critical state, the nuclei must get rid of excess energy, causing the system or be divided 
into several parts, or come to quasi stability, or disappear forever. 

It is natural to assume that because of separation or explosion, remove from the 
nuclei condensation retain the properties of the nucleus, i. e. have their own internal 
energy, but arc in completely different conditions. These new formations resulting from 
the division arc removed from the original volume of the nucleus at a rate sufficient to 
overcome the force of attraction of the nucleus and thus emit large amounts of gases, 
as well as a dense clot. After some time, these clots can come in quasi stability state 
under the influence of its own gravity, i. e. to become a star. The further fate of 
the condensations, remote from the original nucleus depends on the amount of energy 
contained in them, and, after a time, they can turn into individual star systems, including 
in some new galaxies. 


4 . Conclusion 


The criterion for the correctness of the theory is the ability to predict new, hitherto 
unknown phenomena. Thus, the concept of Ambartsumian, which is essentially an 
empirical approach to the reveal of the evolutionary process of the universe, made it 
possible to predict phenomena that arc of key importance for astrophysics: 

a. The discovery of stellar associations. This is the first time stated that the pro- 
cess of star formation has a continuous nature, and that the stars arc forming groups 
(Ambartsumian, 1954). 

b. The discovery of active galactic nuclei and their cosmogonic value (Ambart- 
sumian, 1958a). 

In the standard approach, although explained by several known observational facts, 
not predicted by the new, hitherto unknown phenomenon that might be confirmed by 
observations. In these cases, new developments, new observational data arc the only 
means to verify their speculative theoretical constructions. 
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Abstract. We present the summary of our last results on the spatial distribution 
and relative frequencies of Supernovae (SNe) in a large number of host galaxies from 
the Sloan Digital Sky Survey (SDSS). We use the locations of SNe in order to study the 
relations between radial/azimuthal distributions of SNe and properties of their hosts and 
environments. On the other hand, the vertical distribution of SNe allows to study the 
progenitors association to the thin or thick discs, and to the stellar halo. We also propose 
the underlying mechanisms shaping the number ratios of SNe types. It is important to 
note that there were no extended studies of the 3D distribution of SNe and structural 
parameters of hosts. Our study is intended to fill this gap and better constrain the nature 
of SN progenitors. 


1. Introduction 

A crucial aspect of many recent studies of extragalactic SNe is to establish the links 
between the nature of SN progenitors and stellar populations of their host galaxies. The 
most direct method for this is through their identification on pre-SN images. However, 
the number of such SNe is small and is limited to the nearby core-collapse (CC) events 
(e.g. 674). 1 These limitations force us to study the properties of SN progenitors through 
indirect methods. 

The properties of SN host galaxies, such as the morphology, color, nuclear activity, 
star formation rate (SFR), metallicity, stellar population, age, etc. provide strong clues 
to the understanding of the progenitors (e.g. 665; 671; 656; 645; 644; 661; 641; 642; 
643). SN hosts in multiple systems of galaxies can also provide important constraints 
relating the star formation distribution/rate in strongly interacting systems with the dif- 
ferent SN progenitors (e.g. 640; 657). In particular, valuable information of the nature 
of progenitors can be obtained through the study of the radial (e.g. 650; 647; 653; 660), 


'SNe are generally divided into two categories according to their progenitors: CC and Type la SNe. CC 
SNe result from massive young stars that undergo CC (e.g. 676; 641), while Type la SNe are the end point 
in the evolution of binary stars when an older white dwarf (WD) accretes material from its companion, 
causing the WD mass to exceed the Chandrasekhar limit, or a double WD system loses angular momentum 
due to gravitational wave emission, leading to coalescence and explosion (e.g. 666). 
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azimuthal (e.g. 672; 667), and vertical (e.g. 670) distributions of SNe and their envi- 
ronments (e.g. 662; 648). 

By this contribution, we present a brief summary of our results recently obtained 
in this field. 


2. The database 

Hakobyan et al. (651) provides a large and well-defined database that combines exten- 
sive new measurements and a literature search of about four thousand SNe and their host 
galaxies located in the sky area covered by the SDSS Data Release 8. This database is 
much larger than previous ones, and provides a homogeneous set of global parameters 
of SN hosts, including measurements of apparent magnitudes, diameters, axial ratios, 
position angles, morphological classifications, and activity classes of nuclei. Special 
attention was paid to collect accurate data on the spectroscopic classes, coordinates, 
offsets of SNe, and heliocentric redshifts of the host galaxies. In Hakobyan et al. (654), 
we also classified the morphological disturbances of nearby host galaxies from the vis- 
ible signs of galaxy-galaxy interactions in the SDSS. 2 

All the presented results in the next section are mostly based on this database, 
which is publicly available. 


3. Summary of our results 

In this section, we list the results accompanied with short discussions. For more details, 
the reader is referred to Hakobyan et al. (651, 654, 652); Nazaryan et al. (668). 

The number ratio of SN types 

• The mean morphological type of spiral galaxies hosting Type la SNe is signifi- 
cantly earlier than the mean host type for all other types of CC SNe, which are 
consistent with one another. 3 

• We find a strong trend in the behaviour of N\ a /Ncc depending on host-galaxy 
morphological type, such that early-type (high-mass or high-luminosity) spirals 
include proportionally more Type la SNe. 4 The behaviour of N^/Ncc versus 
morphology is a simple reflection of the behaviour of 1/sSFR versus morpholog- 
ical types of galaxies (e.g. 645). 


2 The levels of disturbance are arranged in an approximate chronological order according to the different 
stages of interaction. 

3 CC SNe are observationally classified in three major classes, according to the strength of lines in optical 
spectra (e.g. 646): Type II SNe show hydrogen lines in their spectra, including the Iln (dominated by 
emission lines with narrow components) and lib (transitional objects with observed properties closer to 
SNe II at early times, then metamorphosing to SNe lb) subclasses; Type lb SNe show helium but not 
hydrogen, while Type Ic SNe show neither hydrogen nor helium. All these SNe types arise from young 
massive progenitors with possible differences in their masses, metallicities, ages, and fractions of binary 
stellar systems (e.g. 675). 


4 The N\. d /N C c ratio is a good tracer of specific SFR [sSFR] (e.g. 645). 
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• The Nia/Ncc ratio is nearly constant when changing from normal, perturbed to 
interacting galaxies, then declines in merging galaxies, whereas it jumps to the 
highest value in post-merging/remnant host galaxies. During the relatively short 
time-scale of the merging stage (e.g. 664), the spiral, gas-rich galaxies do not 
have enough time to produce many Type la SNe, but can intensively produce 
CC SNe, assuming short lifetimes for the CC SNe progenitors. In the post- 
merging/remnant galaxies with longer time-scale, the SFRs and morphologies 
of host galaxies arc strongly alfected, significantly increasing the Ni a /Ncc ratio. 

• The Njbe/Nn ratio is nearly constant when changing from normal, perturbed to 
interacting galaxies, then jumps to the highest value in merging galaxies and 
slightly declines in post-merging/remnant subsample. 5 In our merging hosts, the 
positions of CC SNe, particularly SNe of Ibc type, mostly coincide with the 
circumn uclcar regions and only in few cases with bright H II regions, which is 
in agreement with the previously found central excess of CC SNe in extremely 
disturbed or merging galaxies (e.g. 649; 657). 

• Type Ibc SNe arc located in pairs of galaxies with significantly smaller differ- 
ence of radial velocities between components than pairs containing Types la and 
II SNe. We consider this as a result of higher SFR of these closer systems of 
galaxies (e.g. 669). SN types are not correlated with the luminosity ratio of host 
and neighbor galaxies in pairs. 

• The N u /Ncc (Mbc/Mi) ratio increases (decreases) when moving from SF, C, to 
Sy+LINER activity classes for the host galaxies. In the invoked scenario, the in- 
teraction is responsible for morphological disturbances and for partially sending 
gas inward, which first triggers star formation (e.g. 673) and increases sSFR (e.g. 
664). Therefore, in the SF stage, we observe a lower value of the N\ a /Ncc ratio 
and a somewhat higher value of the NibJNu ratio as in morphologically disturbed 
(interacting or merging) late-type galaxies. The starburst then fades with time and 
the C (composite of SF and AGN) class evolves to the AGN [Sy+LINER] (e.g. 
678) with a comparatively relaxed disturbance, early-type morphology, poor gas 
fraction, and old stellar population. Therefore, in the AGN stage, we observe 
inverse values of the ratios as in morphologically less disturbed (relaxed) early- 
type galaxies. 

The radial distribution of SNe 

• In Sa-Sm galaxies, all CC and the vast majority of Type la SNe belong to the 
disc, rather than the bulge component. This result suggests that the rate of SNe 
la in spiral galaxies is dominated by a relatively young/intermediate progenitor 
population (e.g. 665; 655; 663). 

• The radial distribution of Type la SNe in SO-SO/a galaxies is inconsistent with 
that in Sa-Sm hosts. This inconsistency is mostly attributed to the contribution 
by SNe la in the outer bulges of SO-SO/a galaxies. In these hosts, the relative 
fraction of bulge to disc SNe la is probably changed in comparison with that 


5 By SN Ibc, we denote stripped-envelope SNe of Types lb and Ic, as well as mixed Ib/c whose specific 
subclassification is uncertain. 
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in Sa-Sm hosts, because the progenitor population from the discs of SO-SO/a 
galaxies should be much lower due to the lower number of young/intermediate 
stellar populations. 

• The radial distribution of CC SNe in barred Sa-Sbc galaxies is not consistent 
with that of unbarred Sa-Sbc hosts, while for Type la SNe the distributions arc 
not significantly different. At the same time, the radial distributions of both Type 
la and CC SNe in Sc-Srn galaxies arc not affected by bars. These results arc 
explained by a substantial suppression of massive star formation in the radial 
range swept by strong bars of early-type barred galaxies (e.g. 658; 659). 

• The radial distribution of CC SNe, in contrast to Type la SNe, is inconsistent with 

the exponential surface density profile, because of the central (/?sn /^25 0-2) 

deficit of SNe. 6 However, in the Rsn/Ris £ [0.2; oo) range, the inconsistency 
vanishes for CC SNe in most of the subsamples of spiral galaxies. In the inner- 
truncated disc, only the radial distribution of CC SNe in barred early-type spirals 
is inconsistent with an exponential surface density profile, which appeal's to be 
caused by the impact of bars on the radial distribution of CC SNe. 

• In the inner regions of non-disturbed spiral hosts, we do not detect a relative 
deficiency of Type la SNe with respect to CC, contrary to what was found by 
other authors (e.g. 677; 642), who had explained this by possibly stronger dust 
extinction for Type la than for CC SNe. Instead, the radial distributions of both 
types of SNe are similar in all the subsamples of Sa-Sbc and Sc-Sm galaxies, 
which supports the idea that the relative increase of CC SNe in the inner regions 
of spirals found by the other authors is most probably due to the central excess 
of CC SNe in disturbed galaxies (e.g. 649; 657). 

The azimuthal and vertical distributions of SNe 

• The orientation of SNe in host with respect to the preferred direction toward 
neighbor galaxy is found to be isotropic and independent of kinematical proper- 
ties of the galaxy pair. 

• The vertical distribution of CC SNe is significantly different from that of Type 
la SNe, being about twice more concentrated to the plane of the disc in edge-on 
host galaxies. The vertical distribution of CC SNe can be assigned to the younger 
thin disc population, while the distribution of Type la SNe is consistent with the 
older thick disc of edge-on galaxies. 

The obtained results show that the spatial distributions and the number ratios of 
different SNe are powerful tools to constrain the natures of their progenitors and to 
better understand the star formation processes in various types of galaxies. 
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Abstract. Using a sample of 215 supernovae (SNe), we analyse their positions rel- 
ative to the spiral arms of their host galaxies, distinguishing grand-design (GD) spirals 
from non-GD (NGD) galaxies. Our results suggest that shocks in spiral arms of GD 
galaxies trigger star formation in the leading edges of arms affecting the distributions 
of core-collapse (CC) SNe (known to have short-lived progenitors). The closer loca- 
tions of SNe Ibc vs. SNe II relative to the leading edges of the arms supports the belief 
that SNe Ibc have more massive progenitors. SNe la having less massive and older 
progenitors, show symmetric distribution with respect to the peaks of spiral arms. 


1. Introduction 

It is well known that star forming regions in spiral discs are generally concentrated 
in spiral arms (e.g. 705). There arc a variety of known structures of spiral galaxies, 
with different numbers and shapes of their arms (for recent review see 684). According 
to their spiral features, spiral galaxies arc divided into two broad categories: 1) GD 
spirals with typically two ai ms; and 2) NGD spirals with flocullent and/or short ai ms. 
Spiral arms in GD galaxies arc thought to be density waves that arc usually attributed 
to stellar bars (e.g. 703; 690; 681; 702), or to the tidal field of a nearby neighbor 
(e.g. Toomre & Too m re 706; Kormendy & Norman 700; Kendall et al. 699; Casteels 
et al. 685). In contrast to GD spiral galaxies, NGD galaxies are likely formed from 
gravitational instabilities, or arc sheared star formation regions (e.g. Seiden & Gerola 
704; Elmegreen et al. 691). 

The distribution of stellar ages in spiral arms have been studied in GD galaxies. 
Investigating the dynamics of spiral galaxies, Roberts (701) proposed that the piled up 
gas in a spiral arm experiences a strong shock that triggers star formation. Then, many 
studies with contradicting results came out that observationally support or argue the 
proposed theory. 

By this contribution, the fourth study of a series (694; 696; 695; 682), we present 
our recent investigation of the distribution of different types of SNe relative to spiral 
arms taking into account the intrinsic properties of arms in order to find links between 
the distributions of the various SN types and arm’s stellar populations. Moreover, con- 
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sidering possible differences of the distributions of various stellar populations in both 
types of spirals (e.g. 689), we investigate the distribution of SNe in these subsamples 
of host galaxies. 


2, The sample of SNe and their hosts 

The sample of this study is drawn from the catalog of ffakobyan et al. (694), which 
contains 3876 SNe from the area covered by the Sloan Digital Sky Survey (SDSS) 
Data Release 8. Since, the analysis of the distribution of SNe relative to spiral arms 
requires a well-defined sample and high angular resolution images of the SNe hosts, we 
applied some restrictions and came out with a final sample consisting 215 SNe in 187 
host galaxies. The spiral arm classes of all 187 host galaxies were determined visually 
from the g-band SDSS images, following the spiral arm classification of Elmegreen & 
Elmegreen (693). Then the galaxies were assigned as GD (classes 9 and 12) or non-GD 
(NGD, all classes except 9 and 12). 

Using the version 2. 18.4 of SExtractor so it ware (683), we carried out a procedure 
to isolate the spiral structure of the galaxies. We first fitted all g-band SDSS images of 
the host galaxies in the sample with bulge+disc models (r l! 1 bulge and exponential disc 
profiles arc used for all galaxies). The modeled bulge+disc was then subtracted from 
each original image. Then, the closest segment of spiral arm to SN position is fixed 
along the radial line passing through the galaxy nucleus and SN location and the radial 
light profile is obtained. Throughout whole study we used d\ and cf distances, which 
indicate the position of SN relative to the edges and peak of spiral arm, respectively. 
For more details the reader is referred to Aramyan et al. (682). 


3. Results 

It is believed that the spiral arms of NGD galaxies corotate with the discs and do not 
show signs of shocks in their leading edges (see review by 688). Therefore, one does 
not expect young stars to be concentrated towards one of the edges of their arms. This 
scenario also predicts the absence of radial trends for the distributions of SNe Ibc and 
II inside the spiral arms. In NGD galaxies, we found that CC SNe are more concen- 
trated towards the peaks of spiral arms than SNe la. Moreover, despite small number 
statistics, in NGD galaxies we found different concentration levels for SNe Ibc and II. 
In particular the mean absolute cT distance of SNe Ibc is 0.27 ± 0.08 (TV =13) and for 
SNe II is 0.49 ± 0.07 ( N - 39). An Anderson-Darling (AD) test shows that the differ- 
ence between the distributions of absolute distances of SNe Ibc and II from the peaks 
of spiral anus is barely significant (Pad = 0.074). Hence, in NGD galaxies the shortest 
mean distance to the peak of spiral arm is for SNe Ibc. In addition, the distribution 
of any SN type inside the spiral arms in NGD galaxies does not show any significant 
radial trend. 

Assuming that 1) the g-band profiles of spiral arms represent the distribution of 
young stars, and 2) the peaks of spiral arms of NGD galaxies are the most suitable 
sites of the star formation, we propose that when the concentration of a given type 
of SNe towards the arm peak is higher, their progenitors are younger (more massive 
in the context of single-star evolution). Thus, a mass sequence Ia-II-Ibc for the SN 
progenitors is expected, in agreement with those from the literature obtained by the 
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association of various SN types with the Ho emission of the host galaxy (e.g. 697; 680; 
679). 

The distribution of SNe inside the spiral arms of GD galaxies is quiet different. In 
particular, in GD galaxies we found a significant shift between the distributions of dis- 
tances of CC and la SNe from the peaks of spiral arms. This is probably the reflection of 
the offset between B- and /-band light profiles of spiral ai ms with strong density waves 
reported by del Rio & Cepa (687). The mentioned effect is schematically illustrated in 
fig. 1 of Martinez-Garcia et al. (698). It is probably also reflected on the corresponding 
distributions of CC SNe versus SNe la in GD galaxies. 

In addition, in GD hosts, there is a statistically significant positive correlation 
for arm SNe II between di and /?sn /R 25 (galactocentric distance of SN normalized to 
R 25 radius of the galaxy). 1 The same correlation is found for SNe Ibc, with an even 
higher slope, but not significant because of small number statistics. The positions of 
both types of SNe beyond Rsn /^25 ~ 0-45 (roughly the mean corotation radius) arc 
now typically outside the peaks of the arms through the radius vector, while at smaller 
radii the positions of SNe arc typically inside the peaks of the arms. Similar trends for 
star-forming regions arc observed in some GD galaxies (e.g. 686). 

Adopting an average corotation radius of 0.45 R 25 , the mean distances (d\ inside 
and 1 - d\ outside the corotation radius, respectively) of SNe Ibc and II from leading 
edges of spiral arms are 0.25 ± 0.07 and 0.44 ± 0.03, respectively. AD test shows that 
the difference between the distributions of SNe Ibc and II relative to leading edges 
of spiral arms is statistically significant (Rad = 0.011). According to the dynamical 
simulations by Dobbs & Pringle (689), the observed concentration sequence towards 
the leading edges of spiral arms indicates a lifetime sequence (see the top-left panel of 
fig. 4 in 689) for their progenitors (from youngest to oldest). Hence, the greater the 
mean distance from the leading edge, the longer is the progenitor’s lifetime. 

The scheme of star formation in a model of a GD galaxy with two spiral ai ms with 
the directions and relative sizes of drifts from birth places up to the explosion for various 
SNe is given in the Fig. 1. Inside the corotation radius (dashed circle), star formation 
processes generally occur in a shock front at the inner (leading) edges of spiral ai ms. 
Since the disc rotates faster than the spiral arms inside the corotation radius, newborn 
stars near inner edges move towards the outer edges of spiral arms. On the contrary, 
outside the corotation radius, stars are caught up by the spiral arms, hence move from 
the outer edges of the aims towards the inner edges of spiral aims. In the corotation 
zone, there arc no triggering mechanisms of star formation, such as spiral shocks. The 
main mechanism of star formation in this region (dotted surface of aims) is gravitation 
instability (as in NGD galaxies). Therefore, in this region, the distribution of SNe 
inside the spiral arms should have the same behavior as in NGD galaxies. Moreover, 
because of the absence of spiral shocks in this region, star formation (e.g. 692), hence 
the number of CC SNe, should exhibit a drop. Since more massive stars live shorter 
than less massive ones, their explosion sites arc, on average, closer to the leading edges 
of arms where they born. The observed significantly shorter distances of SNe Ibc from 
the leading edges of spiral aims show that their progenitors arc younger (more massive) 
than those of SNe II. This result is in agreement with the single-star progenitor scenario 
of SNe Ibc. 


'The R 2 s is the SDSS g-band 25 th magnitude isophotal semimajor axis of SN host galaxy. 
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Figure 1 . The scheme of star formation distribution in a model of two armed GD 
galaxy with the directions and relative sizes of drifts from birth places up to the 
explosion for SNe Ibc (blue arrow) and II (green arrow). For better visualization, the 
directions of drifts are shown with a significant radial component. 
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To sum-up, the reported results show that the distribution of SNe relative to spiral 
arms is a powerful tool to constrain the lifetimes (masses) of their progenitors and to 
better understand the star formation processes in various types of spiral galaxies. 
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Abstract. Identifying and understanding the initial formation of massive galaxies 
and quasars in the early universe is a fundamental goal of observational cosmology. 
A rapidly developing capability for tracing luminosity sources to high redshifts is the 
observation of the [CII] 158 pm emission line at redshifts z > 4 using ground based 
submillimeter interferometers, with detections now having been made to z = 7. This 
has long been known as the strongest far-infrared line in most sources, often carrying 
about 1% of the total source luminosity, and is thought to be associated with star for- 
mation because it should arise within the photodissociation region (PDR) surrounding 
starbursts. The sample of 382 extragalactic sources has been analysed that have mid- 
infrared.high resolution spectroscopy with the Spitzer Infrared Spectrograph (IRS) and 
also spectroscopy of the [CII] 158 pm line with the Herschel Photodetector Array Cam- 
era and Spectrometer (PACS). The emission line profiles of [Nell] 1 2.81 pm , [Neill] 
15.55 pm , and [CII] 158 pm are studied, and intrinsic line widths are determined. 
All line profiles together with overlays comparing positions of PACS and IRS observa- 
tions are made available in the Cornell Atlas of Spitzer IRS Sources (CASSIS). Sources 
are classified from AGN to starburst based on equivalent widths of the 6.2 pm poly- 
cyclic aromatic hydrocarbon feature. It is found that intrinsic line widths do not change 
among classification for [CII], with median widths of 207 km s -1 for AGN, 248 km s 1 
for composites, and 233 km s 1 for starbursts. The [Nell] line widths also do not change 
with classification, but [Neill] lines are progressively broader from starburst to AGN. 
A small number of objects with unusually broad lines or unusual redshift differences in 
any feature are identified. 


1. Introduction 

In many high redshift sources, especially dust obscured sources, the [CII] feature is 
the only diagnostic atomic emission line which can be observed. This makes it vital to 
optimize use of this line for learning about intrinsic source properties. 

A great amount of diagnostic information concerning the observable differences 
between dusty, obscured sources powered by active galactic nuclei (AGN) and those 
powered by rapid star formation (starbursts) accumulated with the mid-infrared spec- 
troscopy of the Infrared Spectrograph (IRS; (711)) on the Spitzer Space Telescope 
( 723 ). 
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Classifications of AGN and starburst sources were developed using both the strength 
of PAH features in low resolution spectra and various emission line ratios in high reso- 
lution spectra (e.g. (708); (710); (709); (707); (722); (721); (720); (724); (716); (719); 
(712). 

We present the source list and measurements of line widths and redshifts along 
with overall comparisons among line widths. All of the [CII] line profiles with Gaussian 
fits arc made available in the Cornell Atlas of Spitzer /IRS Sources (CASSIS; (713); 
(714)). Further comparisons with other source properties arc considered in paper (715). 

2. Objectives 

Our eventual objective is to understand in more detail what determines line widths in 
different galaxies. For now, we only use these results to determine if there arc trends 
with classification as AGN or starburst, or any systematic differences among [CII] and 
mid-infrared Neon lines. 

3. Source classification 

We use 6.2 pm PAH feature to classify the objects to AGN, SB and Composites. Our 
primary motive for using the 6.2 pm feature instead of the stronger 11.3 pm feature 
has been to allow classification of sources having sufficiently high redshifts that the 
11.3 pm feature is not visible in IRS spectra. The strongest PAH complex centered at 
7.7 pm is not used because this feature can be confused with an apparent spectral peak 
at similar wavelength arising because of strong absorption on either side of the peak 
in heavily obscured AGN. By illustrating various parameters regarding line profiles as 
functions of EW(6.2 pm ), any trends with AGN/starburst classes are readily seen. 

4. Results 

We think that the most important result is shown in Figure 1 for [CII] because a pri- 
mary goal of our study is to seek any evidence that the [CII] line width is a diagnostic of 
AGN/starburst classification. There is no evidence of any trend, however. The medians 
and dispersions among [CII] line widths in Figure 1 arc very si mi lar for all classifica- 
tions, with medians 207 km s 1 for AGN, 248 km s~ 1 for composites, and 233 km s -1 
for starbursts with dispersions in all cases of about 130 km s _1 . The most important 
result for [CII] in Figure 1 , therefore, is that line widths do not change among classi- 
fication, indicating that [CII] is dominated by the starbursts within any source and not 
affected by the presence of an AGN. This confirms our conclusions in (717) and (718) 
based only on line fluxes. 

The results for [Nell] in Figure 2 show a similar result to [CII], with only a slight 
trend of increased widths for AGN; the median FWHM for AGN and Composites is 
340 km s' 1 compared to 300 km s _1 for Starbursts. The best comparison with [CII] is 
for the starbursts to rule out any broadening of [Nell] by an AGN. For starbursts, the 
difference between median FWHM of 233 km s~ 1 for [CII] and 300 km s -1 for [Nell] 
is interesting, but we cannot be confident that it is meaningful. The difference is less 
than the uncertainty in the IRS width measures, as shown in Figure 2. The difference 
would disappear if we assume a broader instrumental line width for [Nell] than we have 
adopted, requiring an instrumental width of 380 km s _1 instead of the 331 km s -1 that 
is used. 
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Figure 1. Intrinsic FWHM of [CII] 158 /am in km s 1 compared to EW(6.2 /am ). 



EW(6.2 um) (microns) 


Figure 2. Intrinsic FWHM of [Nell] 12.81 /am in km s 1 compared to EW(6.2 /am ). 


Despite these uncertainties among comparisons of [CII] and Neon line widths, the 
relative widths among the Neon lines is meaningful. As anticipated, the [Nelli] FWHM 
in Figure 3 does show a continuous trend for increasing line widths from starbursts 
through AGN, with medians of 289 km s _1 for starbursts, 367 km s -1 for composites, 
and 426 km s -1 for AGN. The presence of the trend is independent of the adopted 
value for instrumental width and demonstrates that [Neill] widths do contain some 
broadening from the AGN. This is additional confirmation that we should not expect 
si mi lar profiles between [CII] and higher ionization features because they often arise in 
different physical regions of sources. 

Having confirmed that [CII] and [Nell] line profiles generally track one another, an 
additional use of the results is to compare line widths for [CII] and [Nell] lines to find 
anomalous sources that are broad in one line but not the other. For example, are there 
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Figure 3. Intrinsic FWHM of [Neill] 15.55 pm in km s 1 compared to EW(6.2 pm ). 

sources where [CII] arises in regions where [Nell] is not seen, either because of too 
much extinction or because there is a diffuse [CII] not associated with Starbursts? Or, 
are there sources in which even the low ionization [Nell] is dominated by the AGN? 
This comparison is shown in Figure 4. This Figure is used to identify sources with 
unusually broad features, defined as having FWHM that exceed the median values by 
2<x. A similar comparison is also made in Figure 5 between [CII] and [Nelli], although 
it would be less surprising in this case to find broad [Neill] associated with an AGN. 



0 200 400 600 800 1000 1200 1400 

[Nell] intrinsic FWHM (km per sec) 


Figure 4. Intrinsic [CII] 157 pm width compared to [Nell] 12.81 pm width in 
km s. 
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Figure 5. Intrinsic [CII] 157 /rm width compared to [Neill] 15.5 pm width in km s 1 . 
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Abstract. The remote BCDGs with z>0.05 from the Second Byurakan Survey (SBS) 
are extracted. They are analogs of similar BCDGs in low-z Universe. The properties 
of these objects are discussed. Definitions of other physical types of active galaxies are 
considered and also clarified. 

Samples of all types of SBS active galaxies have been created. The BCDGs with 
z>0.05 have been picked out. All these galaxies show high excitations slit spectra 
without continuum. 

They comprise about 10% of our sample. They are the analogs of low-z BCDGs 
galaxies. 

The list of these objects is presented in Table 1. 


Table 1. SBS BCDGs with z>0.05. 


Type 

SBS Name 

z cat 

M 

z SDSS 

SDSS description 

g 

0945+502 

0.1468 

-20.1 

0.14687 

consists of 2 diffuse objects 

g 

1122+590 

0.0604 

-18.7 

0.06077 


sg 

1123+598 

0.1133 

-20.6 

0.11283 

consists of 3 components 

g 

1223+537B 

0.0526 

-19.4 

0.05147 

consists of 2 diffuse objects 

g 

1251+589 

0.0641 

-20.3 

0.06417 

compact 

Sg 

1229+502A 

0.0895 

-20.1 

0.08956 

consists of 2 diffuse objects 

g 

1258+551 

0.0865 

-21.0 

0.08824 

red stellar in diffuse shell 

g 

1342+562B 

0.0709 

-20.6 

0.07063 

compact, brightest in group 

g 

1342+562A 

0.0712 

-19.5 

0.07063 


Sg 

1408+551A 

0.0783 

-20.2 

0.07731 

compact 

Sg 

1528+529 

0.0785 

-20.7 

0.07640 

with weak component 

g 

1536+588 

0.0708 

-19.6 

0.06952 

some clumps? 


12 galaxies, having emission spectra without continuum, show 0.05<z<0. 14, Mabs 
between -18.7'” and -21.0'”. Remote BCDGs are not blue, but in some cases, are red. 
In our list the most remote BCDG has z=0.14. Such objects are very compact or even 
star-like, but not stellar. They are giant galaxies. However, from the type definition 
remains only C U compact. 

In Fig. 1, the relation of SDSS (Petrosian magnitudes) colour indices v\v z is 
shown. The tendency of colour changing from z is traced. 

The morphology of these galaxies repeats the types of low-z BCDGs (Kunth et al. 
1988). 


182 



Remote BCDGs 


183 



Figure 1. Relation of SDSS (Petrosian magnitudes) colour indices vs z. 

In the new version of SBS catalogue we use as a rule the physical type classifica- 
tion (Stepanian 2005). Some modifications in the definitions of other physical types are 
also done. For example: 

QSO and Syl. The border between them is conventional and is determined as 
M„/, v >-23''\ which may be changed for galaxy “var” and depends from accuracy of 
observations. QSO may be sometimes diffuse, but on the contrary Sy galaxies may be 
absolutely stellar. 

Starburst. We left classical determination of this type. Often the object is SBN 
according to its slit spectra but it is not nuclear region of galaxy but its separate part 
and in the galaxy a bright strong nuclear region is absent, i.e. morphological features 
do not coincide with the determination of this physical type. Also, the restriction in 
luminosity is absent, some SBN galaxies have as low luminosity as M a ^<-17.5 m . 

LINER. The most mysterious objects. Stepanian (1995) attributed to this type ~80 
SBS galaxies according to VO (Veilleux & Osterbrock 1987) diagnostic diagrams. All 
of these were picked up in the region of LINER or TO. But the author of the Catalogue 
does not consider the [ 01 ]T6300/Har ratio at all. In this case, really 80 galaxies may 
have LINER types. But if we take into consideration the last restriction, the situation 
may change strongly. According to SDSS, there are only 3 galaxies, which may be 
reliably attributed to LINER type. In the SBS survey they are practically absent. 

The idea to introduce TO class was “TOs can be most naturally explained as nor- 
mal LINERs whose integrated spectra are diluted or contaminated by neighboring HII 
regions” (Ho et al. 1997). 

Thus, the number of the definite activity types in our survey is not so high and 
most of the objects have TO activity type. 

The new version of the Catalogue (unpublished) is used everywhere in this work. 
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Abstract. Beginning in the mid-1960s and continuing through 1978, the first large 
area objective-prism survey for galaxies with blue and ultraviolet excess in their con- 
tinuum radiation was conducted by Markarian, Lipovetskii and Stepanian (published in 
Lists I-XV). Observations were carried out using primarily a 1.5° objective prism with 
the 4000/5200 (1.0/1. 3 m) Schmidt telescope at Byurakan Astrophysical Observatory. 
Their setup produced an inverse dispersion of 2500 A/mm at Wp (Markarian 1967). The 
publication of the List XV (Markarian et al. 1981) completed the Markarian Survey 
(also known as FBS, First Byurakan Survey). We present some average characteristics 
for 700 Markarian galaxies derived from SDSS images and spectra. 

Keywords, surveys - galaxies: active - galaxies: Seyfert - galaxies: starburst. 


1. Markarian Galaxies 

The First Byurakan Spectral Sky Survey (FBS), also commonly known as Markarian 
Survey, was initiated in 1965. It was the first systematic objective -prism search for 
galaxies with strong ultraviolet (UV) continuum emission. The observations were car- 
ried out with Byurakan Astrophysical Observatory (BAO, Armenia) lm Schmidt tele- 
scope equipped with a low-dispersion (2500 A/mm at and 1800 A/mm at H y ) 1.5° 
objective prism. It was mostly used with Kodak Ila-F plates to detect galaxies with 
excess UV radiation (UVX, UV-excess). The survey consisted of 1133 fields (each 
having 4°x4° size)and covered 17,056 deg 1 2 north of -15° declination, excluding some 
regions within 15°-20° of the Galactic plane. It was completed in 1978 and published 
in a series of 15 papers including 1500 UVX objects (Markarian et al. 1981 and refer- 
ences therein). 

The 1500 objects contained in the lists have provided the principal base from 
which the major types of non-QSO active galactic nuclei (AGNs) have been discov- 
ered, classified and studied in detail by numerous authors. Emission-line galaxies 
with all degrees of activity discovered in the survey have become known collectivity as 
Markarian (Mrk) galaxies. 

The Mrk sample has played a central role in the task of distinguishing between 
the astrophysically different types of phenomena that occur in AGNs. For example, 
the original stratification of Seyfert galaxies into two types by Khachikian and Weed- 
man (1971) was based largely on measurements of emission-line widths in spectra of 
a small number of galaxies discovered very early in Mrk survey. Syl galaxies were 
determined to have broad HI lines and narrow forbidden lines, while Sy2 galaxies have 
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relatively narrow HI lines and narrow forbidden lines. Later, a spectral survey for AGNs 
chosen primarily from Mrk lists was conducted at Lick Observatory (Osterbrock 1976), 
and a number of studies revealed that Sy galaxies exhibit a continuous range in the rel- 
ative strength of broad and narrow components in their HI lines. Osterbrock (1977; 
1981b) introduced the classification of Sy types 1.2, 1.5, 1.8, and 1.9 to describe the 
range of Sy activity observed between the original types 1 and 2. More recent studies of 
intermediate Sy galaxies by Goodrich and Osterbrock (1983), Osterbrock and Dahari 
(1983), and others have concentrated largely on galaxies discovered in the Mrk survey. 

Sy galaxies have been known from early studies to constitute only about 10% 
of galaxies in Mrk lists (Huchra 1977). Numerous later studies of Mrk objects, as 
well as non-Sy AGNs discovered in other galaxy samples, have revealed the existence 
of a continuum of activity in galaxies ranging from galaxies previously thought to be 
“normal” to low-ionization nuclear emission-line regions (LINERs) (Heckman 1980), 
galaxies with spectra that resemble HII regions (French 1980) (HII galaxies), and star- 
burst (SB) nuclei (Weedman et al. 1981). A photometric study by Weedman (1973) of 
Mrk galaxies selected from the first four lists showed that only Mrk objects classified as 
Sy galaxies emit significant non-thermal continua from their nuclei. The strong blue 
and UV continua emitted by the remaining large fraction of Mrk objects is of thermal 
origin, as indicated by narrow, low-ionization emission lines. This implies that many 
active galaxies, which do not emit broad emission lines that characterize Sy nuclei have 
developed a large population of hot, blue stars in their nuclei. This possibility was also 
noted very early by Markarian (1969). AGNs which appeal - to be the result of a short- 
lived outburst of star formation have become known as starburst galaxies (Weedman et 
al. 1981). 


2, The average values of some parameters of Markarian galaxies 

It is estimated that ultraviolet continua and narrow emission lines observed in ap- 
proximately 40% of the galaxies in Mrk lists with absolute magnitudes in the range 
(-17.5<M<-22.5) can be explained by the starburst phenomenon. 

This activity can adequately explain the strong blue and UV excess observed in 
many Mrk galaxies, which are very blue compared with other galaxies of the same 
morphological types (Huchra 1977). The major observable feature that distinguishes 
starburst nuclei from Sy nuclei is the strong, narrow emission lines. 

The average apparent magnitude for Mrk galaxies is 15.2; the average absolute 
magnitude is 20.1 m ; the redshift is 0.024, the ratio of small and large semi-axes is 
0.74. 

On average, among Mrks, there are more spiral and compact galaxies. 

3 1 % of the Mrk galaxies have neighboring galaxies in a circle with a radius of 50 
km. 

The Data Release 7 (DR7) of SDSS contains photometric data for more there 1000 
and spectral information for more then 700 Markarian objects. 

The following emission lines are observed in the spectra of these galaxies: H„., H^, 
[OIIIJT44959A, 5007A, [Nil] 446548A, 6584A, [OIIJTT 3726A, 3729A, [OI]46300A, 
[SII] AA 6717A, 6731 A, etc. 

In the course of the Markarian survey, more than 200 Seyfert galaxies, and hun- 
dreds of starburst, blue compact, and H II galaxies were discovered. The FBS remains 
perhaps the best-known source of such objects in the local universe. 
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The majority of starburst nuclei have [OIII] A A 4959, 5007 emission-line widths 
less than 250 km s‘ 1 full width at half- maximum (FWHM), with a median FWHM of 
140 km s^ 1 . This is to be compared with the median FWHM of Sy [OIII] emission 
lines, 375 km s _1 for Sy 1 galaxies and 510 km s^ 1 for Sy 2 galaxies. 
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We have proposed a method to construct the luminosity function (LF) of galaxies 
(Mahtessian, 2011), which agrees with other methods result, in accuracy is not infe- 
rior to other methods and is simplest. By this method, we constructed the luminosity 
function of included in the CfA2 catalog Arakelian galaxies (ArG) with different mor- 
phological types in different environments. For identification of groups of galaxies we 
use physically reasonable and simple method proposed by Mahtessian & Movsessian 
(2010). 

It was found (Figures 1-4) that the brightest and faint parts of the normalized 
luminosity function of Arakelian galaxies higher than the brightest and faint parts of the 
same feature of the total sample of Cf A2. A similar phenomenon is observed separately 
for the group members, as well as for single galaxies. This applies also for small groups, 
having in its composition 2 or 3 galaxies and more populated groups. Spiral galaxies 
follow this attitude. For elliptical galaxies picture is not very clear (Because of the 
small number of well-known elliptical Arakelian galaxies in our sample. In the range 
of absolute magnitudes M < -19.5 we only have 8 objects). 

Thus, there is a deficiency of Arakelian galaxies in average luminosities (in the 
surrounding area of M=-19" ! ; H=100 km s _1 Mpc -1 ). This fact is true for small and 
for relatively populated groups, as well as for single galaxies. 



M 

Figure 1 . Normalized LF of entire samples of CfA2 and ArG. 
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Figure 2. Normalized LF of group members of CfA2 and ArG included in this 
groups (left side) and single CfA2 galaxies and ArG. The dotted line on the left side 
- Schechter function of LF of ArG arbitrarily moved along the Y-axis. 
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Figure 3. Normalized LF of CfA2 group members have in their composition 2 or 
3 galaxies and ArG members of these groups (left figure) and groups having in its 
composition of more than 3 galaxies. The dotted lines - Schechter function of LF of 
ArG arbitrarily moved along the Y-axis. 
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Figure 4. Normalized LF of elliptical and lenticular galaxies (left figure) and the 
spiral and irregular galaxies from CfA2 survey and ArG corresponding morphologi- 
cal types included in this survey. 
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Abstract. Presented are the results of a statistical study of galaxies with UV excess 
from six Kazarian lists. Morphology, activity, heliocentric redshift and the magnitude 
of 502 out of 702 galaxies from Kaziarian lists were considered. It is shown that these 
galaxies have different morphological types, different degrees of activity, and often con- 
tain condensations and double nuclei. It is also shown that most of the closely located 
Kazarian galaxies form physical systems. 


1. Introduction 

Ambartsumian’s concept about important role of activity in the nuclei of galaxies influ- 
encing their life and evolution has been the stimulus for an extensive study of galaxies 
with active nuclei (746). The observations often showed that the spectra of galaxies 
with active nuclei have UV-excess radiation, since this phenomenon also is the charac- 
teristic of the activity. 

The Markarian survey published in a series of 15 papers including 1500 UV- 
continuum galaxies (751). 

The Kazarian survey new galaxies with UV-excess were performed using lm 
Schmidt telescope of the Byurakan astrophysical observatory. The Kazarian survey 
resuts published in a series of 6 papers including 702 UV-excess galaxies (747). The 
first observations of of Kazarian galaxies were made in Palomar 5m and MacDonald 
2.7m telescopes and results of these observations were published in few papers (752), 
(749). 

2. Observations 

The systematic morphological and spectral observations of Kazarian galaxies with UV- 
excess began later with the 2.6m telescope of Byurakan Astrophysical Observatory and 
the 6m telescope of the Special Astrophysical Observatory of the Russian Academy of 
Sciences (753), (754). 

From investigations become clear, that these galaxies have different morphological 
types, different degrees of activity, often with double nuclei and condensations, and 
show interesting physical characteristics. There were suppose, that most of nearby 
Kazarian galaxies form a physical systems (Yeghiazaryan et al. 1989). The catalogue 
of Kazarian galaxies were published in 2010, where included dates for 706 Kazarian 
galaxies, and were presented atlas of several interesting subclasses (750). 
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Figure 1. The direct images of some nearby galaxies from Kazarian lists. 


We show in the figures some nearby galaxies from Kazarian lists. The direct im- 
ages of these galaxies were obtained by 2.6m telescope of the Byurakan Astrophysical 
Observatory (756). The table provides information about these galaxies. 


3. Summary 


There are measurements of the redshifts for 502 of Kazarian galaxies and activity 
classes for 153 of these (57 HII, 50 e, 35 Sy, 3 SB. 2 NLAGN, 1 QSO, 1 BL, 1 WR, 1 
LIRG). 

The maximum heliocentric redshift has Kazl02 (z=0. 1 36) and minimum has Kaz 
409 (z=0.00150). The apparent isophotal magnitude has Kaz 73 (m=11.8) and Kaz 
201 (m=18.0). There are 28 double and 2 triple systems these galaxies. These nearby 
Kazarian galaxies form physical systems. 
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Table 1 . Data on some nearby galaxies from Kazarian lists. 


Kaz 

NGC 

R.A. 

Dec 

z 

65 

1216 

16 /, 15'”34'.8 

23°50'48" 

0.0258 

66 



21°00'05" 

0.0257 

135 

6376 

17"25"T9 S .2 

58 o 49'02" 

0.0285 

136 

6377 

17 , '25'”23'.0 

58°49'21" 

0.0285 

198 

6636 

18 , ’22”'02'.6 

66°37'00" 

0.0146 

199 


18 /, 22”'04'.9 

66 0 37'21" 

0.0140 

207 

6677 


67°08 , 18" 

0.0178 

208 

4763 

18"33”'30L3 

67°08 , 14" 

0.0226 

209 


18"33"'36'.0 

67 o 06'37" 

0.0222 

346 

7769 

23"51”'03'.9 

20°08'59" 

0.0141 

347 

7770 

23 / '51'”22'.5 

20°05'46" 

0.0141 

348 

7771 

23 , '51'"25'.l 

20 o 06'43" 

0.0141 
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Abstract. We present the results of the analysis of the impact of bars and spiral den- 
sity waves on the relative frequencies of supernovae (SNe). We find that for early-type 
Grand-Design (GD) and non-Grand-Design (NGD) galaxies, the Ni^/Ncc ratios, i.e., 
one of the tracers of specific star formation rate (sSFR), are not significantly different 
between barred and unbarred hosts. At the same time, for both barred and unbarred 
early-type galaxies, the Ni^/Ncc ratio in NGD hosts is significantly higher than that in 
GD, and for late-type galaxies no any significant difference exists between the Ni^/Ncc 
ratios. Thus, in contrast to bars, the spiral density waves significantly enhance the rel- 
ative frequencies of SNe in early-type GD galaxies, while not in late-type hosts. This 
result is actual also for galaxies when barred and unbarred categories are separated. 
Hence, the sSFR might be enhanced by density waves in early-type galaxies only. 


Summary 

Using a well-defined and homogeneous sample of SNe and their host galaxies from the 
coverage of Sloan Digital Sky Survey (759; 761), we analysed the impact of bars and 
spiral density waves on the N\ a /Ncc number ratio, which help to understand whether the 
sSFR is enhanced in GD galaxies in comparison with NGD ones. Our sample consists 
of nearby (< 100 Mpc), low-inclination (, i < 60°), and morphologically non-disturbed 
Sa-Sd galaxies, hosting 432 SNe in total. In this study, we also determine the spiral 
arm classes of all SNe host galaxies (758). 

All the results that we summarize below concerning the impact of bars and spiral 
density waves on the relative frequencies of SNe can be explained by considering the 
strong impact of spiral density waves on the relative frequencies of SNe in GD galaxies, 
particularly in early-type spirals. 

• We calculate the N\ a /Ncc ratios in GD and NGD galaxies with early- and late- 
type morphologies. In early-type galaxies the Nu/Ncc ra ti° is significantly higher 
in NGD hosts than that in GD galaxies, while in late-type hosts the difference is 
statistically not significant. 

• For early-type GD (or NGD) galaxies, the N\ a /Ncc ratios arc not significantly 
different between barred and unbarred hosts. For both barred and unbarred early- 
type spiral galaxies, the MaWcc ratio in NGD hosts is significantly higher than 
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that in GD ones. For late-type spirals, no any significant difference is observed 
between the N\ a /Ncc ratios. 

• To eliminate the effects induced by bars and study only the impact of spiral 
density waves, we compare the N\ a /Ncc ratios only in unbarred galaxies within 
narrower morphological bins (Sb-Sbc and Sc-Scd). The difference between the 
ratios in unbarred early-type GD and NGD galaxies remains significant, while 
the same ratios in late-type galaxies arc not significantly different. Thus, only 
the density waves may be responsible for significant enhancement of the star 
formation in early-type galaxies, while in late-type galaxies this mechanism is 
not working effectively. We highlight that although both bars and spiral den- 
sity waves have significant impact on the distribution of SNe in discs of galaxies 
(760; 757), the impact of bars on the relative frequencies of SNe is not signif- 
icant. Interestingly, this result does not depend on the morphology of galaxies, 
i.e. probably neither early nor late bars significantly change the global sSFR of 
galaxies. 

In contrast to the bars, the spiral density waves significantly enhance the relative 
frequencies of SNe in early-type GD galaxies, while not in late-type hosts. This result 
is actual also for galaxies when barred and unbarred categories arc separated, ffence, 
the sSFR might be enhanced by density waves in early-type galaxies only. The reason 
of such an effect might be the dynamical properties and/or the higher fraction piled-up 
mass of spiral arms in early-type galaxies. In early-type spirals, in the regions where the 
shock front occurs, the difference between the velocities of density waves and stellar 
disc might be higher, which may cause stronger shocks (762; 763). This may signifi- 
cantly increase the star formation efficiency in spiral ai ms, hence the sSFR of early-type 
GD galaxies. 
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Abstract. We present the results of the analysis of the impact of bulges on the 
radial distributions of the different types of supernovae (SNe) in the stellar discs of 
host galaxies with various morphologies. We find that in Sa-Sm galaxies, all core- 
collapse (CC) and vast majority of SNe la belong to the disc, rather than the bulge 
component. The radial distribution of SNe la in SO-SO/a galaxies is inconsistent with 
their distribution in Sa-Sm hosts, which is probably due to the contribution of the outer 
bulge SNe la in SO-SO/a galaxies. The radial distributions of both types of SNe are 
similar in all the subsamples of Sa-Sbc and Sc-Sm galaxies. These results confirm that 
the old bulges of Sa-Sm galaxies are not significant producers of Type la SNe, while 
the bulge populations are significant for SNe la only in SO-SO/a galaxies. 


In Hakobyan et al. (766), using a well-defined and homogeneous sample of SNe 
and their host galaxies from the coverage of Sloan Digital Sky Survey (765; 768), 
we analysed the impact of bulges on the radial distributions of the different types of 
SNe in host galaxies with various morphologies. Our sample consists of 419 nearby 
(< 100 Mpc), low-inclination (i < 60°), and morphologically non-disturbed SO-Sm 
galaxies, hosting 500 SNe in total. 

All the results that we summarize below concerning the impact of bulges on the 
radial distributions of SNe in hosts can be explained considering that the old bulges of 
Sa-Sm galaxies arc not significant producers of Type la SNe, while the bulge popula- 
tions arc significant for SNe la only in SO-SO/a galaxies. 

• In Sa-Sm galaxies, all CC and the vast majority of Type la SNe belong to the 
disc, rather than the bulge component. This result suggests that the rate of SNe 
la in spiral galaxies is dominated by a relatively young/intermediate progenitor 
population (e.g. 771; 769; 770). In addition, this observational fact makes the de- 
projection of galactocentric radii of both types of SNe a key point in the statistical 
studies of their distributions (764; 767; 772). 

• The radial distribution of Type la SNe in SO-SO/a galaxies is inconsistent with 
that in Sa-Sm hosts. This inconsistency is mostly attributed to the contribution 
by SNe la in the outer bulges of SO-SO/a galaxies. In these hosts, the relative 
fraction of bulge to disc SNe la is probably changed in comparison with that 
in Sa-Sm hosts, because the progenitor population from the discs of SO-SO/a 
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galaxies should be much lower due to the lower number of young/intermediate 
stellar populations. 

• The inner fractions (Rsn < 0.3 R25, where the bulge stars arc tipically located) of 
Type la and CC SNe arc not statistically different one from another in morpho- 
logically non-disturbed spiral hosts. 1 This result additionally confirms that the 
old bulges of Sa-Sm galaxies arc not significant producers of Type la SNe. 
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Abstract. Some physically possible consequences of interaction between baryonic 
matter and dark energy are considered. We are arguing that the modem cosmogony and 
cosmology based on the hypothesis of Kant and Laplace and its further modifications 
are not adequate to the nowadays growing base of observational data. A thought ex- 
periment is conducted in the framework of generally accepted physical concepts and 
laws to study the most prominent consequences of interactions between various types 
of substances with the dark energy carrier. Such experiments allow one to arrive at a 
conclusion that owing to continuous exchanges of energy between the atomic nuclei 
and the bearer of dark energy, the binding energy of nuclei should reduce and their 
mass had increase over time. This process can be considered as the Universe total mass 
growth at the expense of dark energy. Then one would be able to explain the long stand- 
ing paradox: why the Universe did not collapse immediately after the mass formation 
event at the very beginning of the Universe formation. On the other hand, this way of 
thinking leads to a physical picture of the Universe where huge amounts of embryonic 
baryons possessing of negligible masses can exist in the interiors of large cosmic ob- 
jects to transform into the ordinary baryonic matter of vast masses in the future. As a 
result, clumps of matter of huge masses can be ejected from the cores of such objects. 


1. Introduction 

Not many of active nowadays scientists can recall Ambatsumian’s revolutionary ideas 
on the cosmic objects formation. Those, who recall these ideas, as a rule, are fa mi liar 
only with the papers devoted to the star formation problems (Ambartsumian 1947) and 
the concept of activity of galactic nuclei (Ambartsumian 1958). 

However, one could reveal among his early papers obvious premises for his future 
concept on cosmogonic problems. I this connection, we would like to refer to his 
two earliest papers on quantum electrodynamics (Ambartsumian & Ivanenko 1930a; 
Ambartsumian & Ivanenko 1930b), where two major problems of elementary particles 
physics arc considered. In the former one the authors had shown that the elementary 
particles even with nonzero rest masses, like photons, can loss their individuality or 
achieve it during the interactions. Then, in the next paper they have shown, in contrast 
to widely accepted Rutherford’s nuclear model, that no free electros can exist in atomic 
nuclei. It did mean that the electrons ejected due to the beta-decay process had no 
individuality prior to their ejection. 

Although, it is not obvious at once, Ambartsumian’s cosmogonic concept which 
has been most clearly formulated for the stellar associations and star formation process 
(Ambartsumian 1947) and galactic nuclei activity (Ambartsumian 1958), actually bears 
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underlying at its base the ideas successfully applied for the elementary particles in early 
30s of the last century. On the purely phenomenological level one can notice that in 
both cases we deal with a phenomenon of cosmic objects formation due to activity 
phenomena. It highly resembles the process of nuclear radioactivity when an electron 
is ejected during a beta decay process or when atomic nuclei eject an object of their 
own hierarchical level - an atomic nucleus of lesser mass (alpha or cluster decay). 

Studying the non-stationary phenomena observed in galactic nuclei and their vicin- 
ity, Ambartsumian put then forward a new idea suggesting that these tiny central con- 
densations in galaxies arc their most active parts which arc responsible for manifesta- 
tions of activity phenomena in galaxies and and even for their formation. Rejected and 
criticized initially this idea was accepted ultimately by the majority of researchers, and 
nowadays it is known as AGN. 

It is worth to recall that both (stellar formation and AGN) ideas contradicting the 
dominant hypothesis of cosmogony have been accepted ultimately by the astronomical 
community. None the less, the acceptance has been happened at the expense of several 
changes of the very essence of the main idea. The key changes were connected with the 
central idea concerning the existence of denser (or super-dense) matter of huge masses. 
The point is that the theoretical research of the phenomenon was not as successful as the 
observational base. It was shown theoretically that no massive clumps of super-dense 
matter could exist or at least those could not exist according to the laws of modern 
physics known to us. Since 1960s no any noticeable progress has been observed in the 
theoretical study of super-dense matter. Therefore, it remains as a banned mater for the 
further research. 


2. Historical Excursus to the Period of Scientific Cosmology Formation 

Very conditionally the history of cosmology (and, as a consequence, of cosmic ob- 
jects formation ideas) could be divided into several stages. The longest period covering 
the centuries prior to the discovery of Newtonian gravitation can be considered as a 
“preparatory” time interval. The next time period which had also a rather long duration 
spans the post-Newtonian period when the gravity law was formulated and could be 
applied for describing the natural phenomena. The Kant-Laplace hypothesis birth took 
place at the beginning of this period. Another widely known to the modern society type 
of hypothetical objects, called at nowadays black holes, has been considered approxi- 
mately at the same time (Michell 1784), and studied in more detail later on by Laplace 
(see, also, (Montgomery et al 2009)). Comparatively shorter has been lasted the post- 
Hubblian period when the big bang hypothesis and the variety of ideas based on it 
became dominant. And, of course, the shortest modern period when we encountered 
the existence of dark energy should be mentioned and considered separately. 

Every stage described above was marked by a discovery which could open new 
perspectives and drastically change at least some aspects of old ideas. Undoubtedly, 
the Kant-Laplace hypothesis was born thanks to the discovery of the Newtonian law of 
gravitation at the end of 17th century. The discovery of the law of gravity, together with 
the fact of the limited speed of light made it possible also to arrive at a conclusion that: 
“If the semi-diameter of a sphere of the same density as the Sun were to exceed that of 
the Sun in the proportion of 500 to 1, a body falling from an infinite height towards it 
would have acquired at its surface greater velocity than that of light, and consequently 
supposing light to be attracted by the same force in proportion to its vis inertia, with 
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other bodies, all light emitted from such a body would be made to return towards it by 
its own proper gravity” (Michell 1784). Indeed, the knowledge of the scope of physical 
laws at the end of 1 8th century provided with the necessary theoretical tools to construct 
such a model which could be scientifically well-grounded. The only essential addition 
made to the ideology of cosmic construction toolkit since that time up to nowadays 
models is the axiom formulated by the theory of relativity that the light speed is the 
highest speed in our Universe. 

After the Hubble’s discovery of the Universe expansion (Hubble 1929) nothing 
conceptual has been changed. It was accepted that the Universe expands at large scales 
according to the Hubble law which was predicted by Friedman (Friedman 1922) and 
(Lemaitre 1927) for the homogenous and isotropic universe on the base of existing 
physical theory. The belief that Friedman’s and Lemaitre’s solutions of the gravity 
equation describe the observed expansion remained unswerving even after the huge in- 
homogeneity of the Universe has been proved. The observable Universe got a rather 
strange physical picture where the prevailingly expanding due to the initial grand explo- 
sion matter is shrinking locally to originate cosmic objects and their systems, belonging 
to all hierarchical levels. It is absolutely clear that the working physical mechanism 
leading to the generation of baryonic objects through matter compression, namely, the 
negative full energy hypothesis at the beginning of shrinking process, is accepted a pri- 
ori, absolutely without of any observational or theoretical ground. On our opinion, this 
notion is very important. And it seems very strange that researchers usually neglect 
it instead of trying to justify this evidently key assumption. On the other hand, this 
admission closes any door for future discussion of possible expansion elfects of cosmic 
objects and their systems. 

Therefore, up to nowadays any textbook on astronomy teaches that cosmic objects 
formation takes place due to the gaseous clouds condensation. Actually, the key idea 
considering that the denser objects arc formed due to physical gathering of a more 
rarified matter has been transformed into the scientific belief that all the more massive 
objects are being formed from the less massive ones. Moreover, this belief has given 
the birth of the universal scientific mainstream for the cosmic objects formation issues, 
and all the known objects, starting with the atomic nuclei (nuclear fusion) up to the 
galaxies (merging and galactic cannibalism) arc assumed to be formed due to the mass 
accumulation process. 

One of the theoretically predicted mysterious types of matter, so called, dark mat- 
ter, owes for its existence to this hypothesis only. It is well known that the “lack of 
mass” intially was found in the clusters of galaxies, which in contravention to adopted 
axioms showed extremely high dispersion of velocities and therefore the virial theorem 
was insisting on their high positive full energy. To avoid the catastrophe of dominant 
theory of cosmic objects formation Fritz Zwicky (Zwicky 1933; Zwicky 1937) hypoth- 
esized the existence of unseen “dunkle Materie”. Since that time the new “free factor” 
gently called now dark matter has been transformed into the indispensable tool for 
“darning” the open questions concerning the positive full energy in cosmic objects - 
mainly in galaxies and their systems. 


3. Structural Features of the Baryonic Matter 

When theorists arc modeling the cosmic objects formation no any serious attention is 
paid to the issues of baryonic matter structure provided by Nature. The only point con- 
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sidered as very essential for such models is suggested to be the matter density (mass). 
Therefore, when dealing with high density objects, researchers usually describe quasi- 
homogeneous mater consisted of highly packed neutrons, but never assume that any 
atomic or nuclear structure could survive in the extremal physical conditions. 

However, our baryonic world which is discovered and studied empirically consists 
of atoms. In addition, all the cosmic objects we arc familial - with are characterized by 
their specific density distribution, namely, denser at the central part and decreasing the 
density to the upper layers. That is not only the effect of gravitational pressure. Atoms, 
planetary systems with their central stars, galaxies and galaxy clusters obey this rule 
without the gravitational pressure (at least, decisive) effect. This is an ad hoc structural 
feature we mention without any physical interpretation. 

On the other hand, the atomic nuclei (the main structural features containing the 
mass of the baryonic Universe) possess a unique physical property not having any ana- 
logues in the structures of hierarchically higher cosmic objects. That is the effect called 
mass defect or nuclear binding energy. This evident feature of the mass-energy trans- 
formation is the most essential physical property which is neglected by researchers 
studying gravitational configurations and effects of gravitational collapsing. 

Any textbook on the nuclear physics describes this effect as the main physical fea- 
ture keeping the atomic nuclei stable. There is one point to be emphasized specially 
concerning the nuclear binding energy {defect of mass). As shows the well-known 
diagram of average binding energy dependence on the atomic number, this value calcu- 
lated per nucleon changes from one nucleus to another. It does mean that any nucleon 
can loss a variable portion of its mass combining with other nucleons to compose var- 
ious atomic nuclei. The binding energy per nucleon in the nuclei of “heavy hydrogen” 
amounts about 1.11 MeV, while in the 3 He it reaches to 2.57 MeV. For the very sta- 
ble alpha particle this quantity grows up to about 7. MeV and for 56 Fe it reaches the 
maximum value of 8.79 MeV. So, one can conclude that the physical laws allow the nu- 
cleons to be bound in various nuclei with different amounts of mass defect. Evidently, 
the exact amount of the mass defect is determined only by the configuration of the given 
nucleus. 

During the past century which can be characterized as the period of nuclear physics 
development, no any physical process has been revealed to affect the binding energy of 
given nucleus. This feature of nuclei seems to be inviolable against any physical mech- 
anisms of influence we are familial - with. However, the study of the history of science 
proves that nothing absolutely unchangeable could be find in our continuously active 
and non-stationary Universe. And hence, nobody can put a priori a sign of equality 
between the absolute inviolability and a very high stability of atomic nuclei proper- 
ties. The properties of atomic nuclei could simply be unaffected by the known physical 
mechanisms but they could be changeable when global changes of metrics are going 
on. In this report we would like to hypothesize a situation using a thought experiment 
to point on a possible way which can change the physical features of atomic nuclei, 
including the total amount of the binding energy. 


4. Dark Energy is a New Player in the Old Cosmology Game 

For a rather long time cosmologists tried to find the deceleration parameter describing 
the type of our Universe. Compiling the most important 23 problems of astrophysics 
‘ for the Next Three Decades ” at the end of last century Allan Sandage (Sandage 1997) 
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enumerates among other issues the determination of the deceleration parameter. How- 
ever, very soon after that the phenomenon of the accelerating expansion of the Universe 
has been discovered (Riess et al 1998; Perlmutter et al 1999). 

Undoubtedly, the discovery of the accelerating behavior of the Universe expansion 
drastically changed the situation. It was shown that the greatest portion of the mass- 
energy is kept in the form of energy responsible for the Universe (space) expansion. 
Actually, it was accepted that something, called dark energy, is continuously imple- 
menting physical work (as formulated the work in textbooks on physics) making elforts 
to accelerate the objects consisted of baryonic matter. The statement that the dark en- 
ergy accelerates cosmic objects is very important. It does mean that the (unknown) 
carrier of the newfound energy interacts with the baryonic matter. Otherwise it would 
be impossible to discover this phenomenon. 

None the less, the cosmological mainstream continues to drive by the same tram- 
pled path of learning. In fact, the new phenomenon which could change the dominant 
paradigm, has been used in a way to tit the existing ideas in cosmology and cosmogony. 


5, General Laws of Energy Exchange Between Systems of Objects 

There is no doubts, that some physical laws arc more comprehensive than others, act- 
ing in determinable frame of physical conditions. The second law of thermodynamics 
seems to be among ones for which no limitations arc found not yet. In its simplest 
formulation the second law of thermodynamics states that the total entropy of an iso- 
lated system always increases over time, or remains constant in ideal cases where the 
system is in a steady state or undergoing a reversible process. If there arc two systems 
of objects possessing of different energies which interact and exchange energies, the 
energetic differences should diminish and disappear due the interaction according to 
the second law of thermodynamics. 

Before the discovery of the accelerating expansion of the Universe it was be- 
lieved that the galaxy recession is conditioned by the unique grand explosion which 
has brought into existence all the matter and energy which arc observable at nowadays. 
All the further history of the Universe could then be considered as the history of changes 
and modifications of the primary mass and energy. The invention of the dark energy 
changed the situation. Therefore, we would like to formulate certain statements before 
frying to implement some thought experiments for modelling the physical reality in our 
Universe. 

First of all, we are to agree that the carrier of dark energy, whatever it is, actually 
interacts with baryonic matter. It is easy to see, that the very fact that the expansion of 
the Universe, composed of baryonic matter, accelerates its expansion is the necessary 
and sufficient condition for this statement. It is obvious that the fact of acceleration 
itself would not be revealed at all if no interaction existed between them. Only the 
detectable acceleration of baryonic objects gave a firm base for introducing the idea of 
the dark energy. 

Second, the dark energy is essentially positive, it performs a physical work making 
the kinetic energy of baryonic objects higher over time. No doubts, that due to the dark 
energy the speed of the most distant galaxies continuously increases and tends to the 
speed of light defined in the frame of observer. 

Third, the nuclear and gravitational binding energies, which arc responsible for 
the steady state of atomic nuclei and gravitational objects, correspondingly, arc essen- 
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tially negative. One needs determinable amounts of positive energy to accomplish the 
necessary work for complete decay of such objects. 

These statements are based on our knowledge. Therefore, evidently, if we stay in 
the framework of modern knowledge system these statements could be implemented for 
any thought experiment. Let us consider then the interaction between the dark energy 
carrier and baryonic matter. 

If one considers the atomic nuclei, applying accurately the second law of ther- 
modynamics, one should arrive at an inevitable conclusion that the nuclear binding 
energy decreases over time. This process leads to the two consequences, namely, that 
the atomic nuclei become more instable and their mass increases. Naturally, we do not 
know yet how, and cannot estimate how fast these processes occur quantitatively. We 
tty proceed from the general concepts of physical laws which arc empirically verified. 
And this general laws give qualitative behavior of the atomic nuclei in the Universe 
experiencing accelerated expansion. 

According to the modern concepts of elementary particles and nuclear physics the 
strong force providing the existence of atomic nuclei is the residual of attractive force 
that binds the quarks together to form the nucleons themselves. This more powerful 
force is believied to be mediated by particles called gluons. Quarks, gluons and their 
dynamics arc mostly confined within nucleons, but residual influences extend slightly 
beyond nucleon boundaries to give rise to the nuclear force. There is no any empirical 
confirmation that a similar effect exists for individual baryons, but the identity of the 
force (if the concept of elementary particles composition is correct) may suggest to a 
such thought. In any case, at least, the atomic nuclei other than '//obey the regularities 
mentioned above. 


6. Some Practical Issues to be Considered 

Physical mechanisms of these effects, if those exist really, should have far-reaching 
consequences. One of these consequences is connected with the past of the Universe. 
If we assume, that the binding energy of atomic nuclei really decreases and the mass 
of the given nucleus increases over time, we should inevitably conclude, that there had 
been existing other atomic nuclei consisted of much more nucleons with higher binding 
energy and less mass in the past. It does mean that the total masses of the Universe and 
the objects in it could had been much smaller. 

The above conclusion seems to be very important for solving of a long standing 
paradox - how it happened that the Universe formed with the modern mass did not col- 
lapsed immediately being certainly within its Schwarzschild radius? It seems that the 
natural laws of self-consistency protect the baryonic matter of self-destruction, which 
could happen through the creation of excessively large gravitational fields and the for- 
mation of the infamous black holes. This protection comes into play when conditions 
arc close to the limits of the physical reality which can be described by empirically veri- 
fiable laws. In such circumstances, baryonic matter undergoes a phase transition, where 
the mass is replaced by energy, an increase of the nuclear binding energy happens, and 
a huge "mass defect" takes place. 

Moreover, two tightly connected issues could be mentioned as well. First, taking 
into account the baryonic objects structural features one can conclude that the higher is 
the mass of (the more arc baryons in) the object, the harder is its subjection to the accel- 
erated expansion. It is obvious, since the gravitational force of attraction is proportional 
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to the third power of the radius of the object while the acceleration of the expansion is 
proportional to the radius. Therefore, the biggest mass objects should evolve due to 
exchange of energy slower than less massive ones. The second point is that the dipper 
in the interior of a massive object is located the baryonic matter, the farther past of 
the evolution its physical features represent. In other words, there should be a positive 
gradient of the average nuclear binding energy per nucleon towards the central parts of 
massive cosmic objects. Accordingly, in the interiors of massive cosmic objects could 
exist a dense matter consisted of atomic nuclei with huge atomic numbers but very low 
masses. 

So, following this concept of the baryonic matter evolution over time, we in- 
evitably arrive at a conclusion that the atomic nuclei evolution takes place in the oppo- 
site direction than we believed it happens according to the modern dominant ideas of 
cosmogony and cosmology. Therefore, the hydrogen atoms seem to be the final result 
of atoms evolution but not the initial form of matter in the Universe. 

The term metallicity widely used in astrophysics and showing the abundances of 
heavier than helium elements hears in it implicitly the original idea that everything has 
been started with the hydrogen atoms at the very beginning. This way of thinking is 
resulted due to Kant-Laplacian ideology on the cosmic objects formation, used for the 
atomic nuclei. However, the modern level of knowledge on the physical picture of the 
Universe is absolutely different from one existed in XVIII century and one needs to go 
through new ideas to fit the observational data. 

The paradigm under consideration stands for an opposite viewpoint and supports 
formation of all cosmic objects owing to decay, fragmentation which takes place due 
to continuous injection of energy into baryonic objects and, as a result, their destabi- 
lization. We suggest that this effect is well seen for the atomic nuclei and is called 
radioactivity. At the hierarchical level of stars and planets various effects of mass ejec- 
tion arc being observed continuously. The same we observe in active galactic nuclei, in 
the clusters of galaxies. In all hierarchical levels the processes characterized by positive 
energy excess simply repeat the processes taking place in the Universe as a whole. 

Surprisingly, this physical picture leads to another conclusion known as the hy- 
pothesis on the anomalous redshifts. A rather large number of papers had been de- 
voted to the study of high redshift objects apparently linked with low redshift ones 
(Arp 1998; Aip 1999) and high redshifts were hypothesized to be the inner feature of 
those objects. The Steady State Cosmology (Hoyle et al 1993) interpreted the anoma- 
lous redshift as a feature of the new born matter when the matter did not yet acquire 
its whole mass which takes place due to increasing of its interaction radius gradually 
engaging of the rest of the Universe mass. 

Taking into account the physical picture in the concept under consideration here 
one can conclude that we have the same situation. According to this conception the 
objects at the zero redshift (observer point) are ones which had more time to evolve and 
more than others in average have acquired their masses in the course of evolution. And 
accordingly, the farther is the object from the observer, the larger is its redshift caused 
by the Universe expansion effects and the bigger should be the redshift resulted by the 
lesser mass of baryons and atomic nuclei. It is not possible to separate the contributions 
of these two effects at least for the time being. However, some qualitative analysis could 
be done. 

First of all, let us consider the objects of various masses belonging to the same 
system, say, the galaxies belonging to the same cluster or group. If all of them had been 
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once formed at the same time approximately, the dwarfs should have been evolved 
more compared with giants, if our reasoning above were correct. More evolved in this 
context does mean higher abundances of the lighter elements, or low metallicity, and 
smaller redshifts. It is well known, that all the extremely low metallicity galaxies arc 
dwarf ones, which arc considered by the modern cosmology to be the least evolved 
objects maintained their primary chemical abundances. The Local Group of galaxies, 
for example, is an appropriate system for studies of this effect. 

As it was mentioned above, the accumulation of energy in the cosmic objects as a 
result of interaction of the dark energy carrier leads to the unavoidable destabilization 
of those objects. Energetically destabilized or active object should get rid of energy 
surplus. Radioactive atomic nuclei “use” all the possible ways for this purpose - elec- 
tromagnetic radiation, beta decay, neutron ejection, alpha decay, cluster decay, splitting. 
All these types of energy release could take place for the objects of higher hierarchical 
levels, including galaxies. Therefore, one cannot exclude the ejection of matter clumps 
from the interior of galaxy nuclei to form a daughter galaxy, as it happens as a result of 
cluster radioactivity when 12 C, 14 C, 20 O, 24 Ne, 22 Mg and other nuclei arc ejected from 
heavy radioactive nuclei. 


7. Concluding Remarks 

The almost forgotten cosmogonic concept of Ambartsumian was insisting that the for- 
mation and evolution of cosmic objects for all hierarchical levels goes in the same 
direction - from denser to more rari tied state. For evolution issues decay and activity 
processes have been mentioned to be most important ones. The main idea was denied 
by the international astronomical community though the main results (continuing star 
formation, activity of galactic nuclei) obtained in the frame of that concept arc com- 
monly used now. 

We argue here that the main reason of denying the central idea was (and is) the 
dictate of the existing dominant idea on the cosmic objects formation based on the 
Kant-Laplace hypothesis of planets origin, which does not keep any room for existing 
cosmic objects or their systems possessing of positive total energy. Hence, it rejects 
any possibility of expansion at smaller scales. 

However, the discovery of the Universe accelerating expansion opened absolutely 
new possibilities of viewing at the problem. The fact that about (at least) 70 percent of 
the energy-mass is concentrated in the dark energy, changes the physical picture of our 
Universe. Taking into account its interaction with the baryonic matter allows one to turn 
down the hypothesis on the dark matter and take the view of self-consistent evolution 
of atomic nuclei structure, smoothly regulating the amount of mass defect and nuclear 
binding energy to maintain existence of the baryonic component of the Universe. 
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Abstract. Magnetic A and B main-sequence stars present strange inhomogeneous 
distributions of metals on their surface. These stars constitute the well-known group 
of chemically peculiar magnetic stars (ApBp stars). The atmospheres of these stars 
are known to be strongly affected by atomic diffusion, and a new generation of mod- 
eling tools is appearing to take into account the complexity of physical processes in 
play. In this talk, I will present recent results of 3D numerical modeling of abundance 
distributions in these atmospheres. 


1. Introduction 

Magnetic ApBp stars are main-sequence A and B type stars characterized by abundance 
peculiarities of metals. In addition to these peculiarities, it is well known that chemical 
elements in these stars are not homogeneously distributed over their surface. This is 
certainly related to the geometry of the magnetic fields. All these abundance peculiar- 
ities are understood in the framework of atomic diffusion theory. However, numerical 
studies of the involved physical processes are very heavy and difficult to carry out. So, 
theoretical models cannot yet address descriptions of observed specific atmospheres, 
but they try to give qualitative trends of abundance peculiarities that can be expected in 
the group of magnetic ApBp stars. 

In the present talk, we give a short description of the context about the modeling 
of ApBp stars, and we present the first attempt of 3D numerical modeling of a magnetic 
atmosphere. 

2. Atomic diffusion processes 

In stellar plasmas, ions absorb photons from the net radiation flux according to their 
atomic properties. This photoabsorption, which is different from one chemical element 
to the other, produces a radiative acceleration acting in the opposite direction of grav- 
ity. Because the sum of these two accelerations is not zero, an element diffuses with 
respect to another one, giving rise of chemical stratifications inside the star, provided 
that mixing motions arc weak enough. Michaud (784) was the first to propose this 
mechanism in explaining the chemically peculiar stars phenomenon, which was not at 
all understood at that time. After that pioneering work, a lot of papers have been pub- 
lished on the subject. The role of magnetic fields was considered for the first time by 
Vauclair et al. (789). These authors shown that overabundances of silicon in magnetic 
Ap stars can be explained by the effect of horizontal magnetic fields on diffusion ve- 
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locity: downward diffusion of silicon ions is impeded while silicon in neutral state is 
allowed to cross the magnetic lines and move upwards. This effect was later estimated 
quantitatively by Alecian & Vauclair (780). The availability of large atomic and opacity 
databases at the end of the previous century helped a lot in improving the accuracy of 
radiative accelerations (774; 782). A complete presentation of atomic diffusion may be 
found in Michaud et al. (785). 

3. Models of atmospheres with chemical stratifications 

Recently Alecian (773), discussed in detail progresses in modeling atomic diffusion in 
atmospheres with and without magnetic fields. In case of stars without or very weak 
magnetic fields (HgMn stars for instance), chemical elements stratify but remain in 
general uniformly distributed over the stellar surface in the usual line-forming layers. 
On the contrary, in magnetic atmospheres, several computations since Alecian & Stift 
(777) have shown that in strictly axisymmetric dipolar geometry, metals often accu- 
mulate inside a ring in the upper atmosphere of ApBp stars in addition to other kinds 
of abundance structures (see an example in Fig.l). Indeed, diffusion coefficient is ex- 
tremely sensitive to the orientation of the magnetic field vector with respect to the sur- 
face normal when the field lines are close to the horizontal (90 ±5° with respect to the 
vertical). This should produce very contrasted abundance structures at places where 
lines have such inclination. 



Figure 1. Example of a numerical model for a magnetic star with axisymmetric 
dipolar geometry. The overabundance is structured as a ring (or belt) in the upper 
atmosphere. In deeper layers, the abundance distribution is more uniform. In ApBp 
stars, the magnetic axis is tilted with respect to the rotation axis (oblic rotator). The 
axisymmetric dipolar geometry is far too simplistic in real cases. 

ffowever, well formed rings are not yet found in observations (786). This may be 
explained by the fact that predicted rings should be too narrow and rather too high in the 
atmosphere to affect enough the line profiles, and so usual observation technics (based 
on spectropolarimetry and numerical inversion methods) may be not able to detect such 
structures. On the other hand, numerical calculations need to be improved in many as- 
pects (see 773). Indeed, several physical processes are still often neglected in numerical 
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studies, like non-LTE effects, inhomogeneous stellar winds, time-dependent processes, 
etc. For instance, most of calculations consider that abundance distribution process due 
to atomic diffusion has reached equilibrium state (element distributions became such 
that diffusion velocities are zero), while the process is clearly time-dependent (779). 
Another problem is the fact that axisymmetric centered dipolar geometry has been used 
to model the abundance structures predicted by atomic diffusion. In the next section 
4, we show the first attempt in modeling 3D distributions of abundances, assuming 
non-symmetric geometry for the magnetic field. 

4. 3D simulations of magnetic atmospheres 

Since the beginning of the century (see 775; 776) an important effort has been done in 
developing a modern code for the computation of radiative accelerations and diffusion 
velocities in magnetic atmospheres. Some years ago, a new code CaratStrat was de- 
veloped by Stift & Alecian (787) for the computations of abundance stratifications at 
equilibrium in plane-parallel magnetic and non-magnetic atmospheres. These stratifi- 
cations are determined self-consistently with the atmospheric structure computed with 
Atlas12 (Kurucz 783, Bischof 781). 

Since horizontal diffusion timescales are much larger than the vertical ones, we can 
consider that chemical stratification build-up depends only on the vertical component 
of the diffusion velocity. So, the entire atmosphere of a magnetic ApBp star, where 
large scale motions of matter are supposed to not exist, can be approximated as being a 
juxtaposition of independent plane -parallel atmospheres (777). We have then developed 
numerical tools to construct, for any magnetic geometry, such a composite model by 
interpolating inside a grid of plan-parallels atmosphere models. The code CaratStrat 
is used to prepare this grid of models computed for various magnetic field parameters 
and their subsequent abundance stratifications (778). Actually, the grid is composed of 
81 models with field intensities from 0G to 20 kG, and for angles between 0 and 90°. 

To go beyond the strictly axisymmetric centered dipole, we have considered the 
star HD 154708 whose field structure is clearly non-axisymmetric (788). Since we are 
interested by the effect of this kind of field geometry, and since we do not want to 
model a specific star (too many physical processes are still missing in the numerical 
code to be able to model a given specific atmosphere), we have scaled the field strength 
to improve the abundance stratifications contrast, and to be well inside the domain of 
the field parameters of our grid of models. The field strength ranges from about 5 kG 
to about 17 kG. In spite of the scaling, these field parameters are still typical for ApBp 
stars. Figure 2 shows the field geometry which is obtained. 



Figure 2. The magnetic field geometry used in this work (Hammer equal-area 
projection). The geometry of the field is based on observation of the star HD 154708, 
the intensity has been multiplied by 5 (see the text for details). Left: Inclination 
angles with respect to the vertical. Right: The field intensity in Gauss. 
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The results are shown in Figure 3. Here we only present the case of Cr, more 
detailed results and discussion may be found in Alecian & Stift (778). Figure 3 shows a 
tomographic view of the Cr abundance over the entire atmosphere of a main-sequence 
magnetic ApBp star with T e g = 10 000 K, and log g = 4.0. Six contiguous optical depth 
ranges (indicated above each Hammer equal-area projection) are shown with abundance 
averaged over the layers inside each range 1 . 



logx: -2.0 to -1.5 




Figure 3. Tomagraphic view of the Cr abundance. Six contiguous optical depth 
ranges (indicated above each Hammer equal-area projection) are shown. Notice that 
abundances related to color scale are different from one panel to the other. 

As in previous calculations (777; 773), the uppermost layers (-3.0 < logrsooo < 
-2.5) shows a well shaped equatorial belt of overabundances. This is because the dif- 
fusion velocity is extremely sensitive to the magnetic field orientation at small optical 
depth. However, the abundance inside this ring is not uniform, for instance, even in 
the panel corresponding to the highest layers there is about 0.8 dex less overabundance 
in the left part of the plot than in the right part. For this reason, it seems more ap- 
propriate to speak about quasi-ring rather than ring. Also, the abundance distribution 
changes drastically as one goes deeper: the equatorial overabundant belt transforms to 
large quasi spot deeper than log r $ ooo - -2, some parts of the belt become underabun- 
dant, and overabundances appear at magnetic poles. We draw attention of the reader 
that abundances related to the color scale are different from one panel to the other, and 
also that the color scale being the same for all the panels, the effect of these abundance 
inhomogeneities could be overestimated to reader’s eyes for the highest layers. Indeed, 


'Calculations and visualisation of the maps have been carried out with the software ® Igor Pro (v7). See 
https://www.wavemetrics.com . 
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the contributions of the highest layers are much weaker in the emergent line profile than 
the ones of the deepest. 

5. Conclusion 

Despite recent progresses, the atomic diffusion process remains a difficult challenge for 
numerical modeling. Indeed, it is not yet possible to reproduce through modeling the 
whole observed abundance patterns of individual stars. However, theoretical models for 
atmospheres help in better understanding the strangeness of chemically peculiar stars: 
diversity inside a given group, stratification, horizontal inhomogeneity, dependence on 
magnetic fields, etc. 

Models arc more and more realistic. In the work presented here, we have shown 
significant progresses in these studies. We have obtained for the first time a 3D de- 
scription of a magnetic atmosphere with inhomogeneous abundance distributions due 
to atomic diffusion. It is clear now that realistic non-axisymmetric magnetic geom- 
etry can lead to complex chemical distributions, far from the simple ones previously 
obtained (rings or belts). These new results arc closer to the distributions presently 
proposed by observations, even if these later need also to be improved. There is so a 
reasonable hope that both theory and observation will converge someday. 

Acknowledgments. All codes that have been used to compute the grid of models 
have been compiled with the GNAT GPL Edition of the Ada compiler provided by 
AdaCore. This work was partly performed using HPC resources from GENCI-CINES 
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Abstract. The spectral line transfer in turbulent atmospheres with a spatially cor- 
related velocity field is examined. Both the finite and semi-infinite media are treated. 
In finding the observed intensities we first deal with the problem for determining the 
mean intensity of radiation emerging from the medium for a fixed value of turbulent 
velocity at its boundary. A new approach proposed for solving this problem is based 
on the invariant imbedding technique which yields the solution of the proper problems 
for a family of media of different optical thicknesses and allows tackling different kinds 
of inhomogeneous problems. The dependence of the line profile, integral intensity, 
and the line width on the mean correlation length and the average value of the hy- 
drodynamic velocity is studied. It is shown that the transition from a micro-turbulent 
regime to a macro-turbulence occurs within a comparatively narrow range of variation 
in the correlation length. Ambartsumian’s principle of invariance is used to solve the 
problem of diffuse reflection of the line radiation from a one-dimensional semi-infinite 
turbulent atmosphere. In addition to the observed spectral line profile, statistical av- 
erages describing the diffusion process in the atmosphere (mean number of scattering 
events, average time spent by a diffusing photon in the medium) are determined. The 
dependence of these quantities on the average hydrodynamic velocity and correlation 
coefficient is studied. 


1. Introduction 

Turbulence is known as one of the most widespread phenomena in the universe repre- 
senting on all macroscopic scales from distortion of images of terrestrial objects and 
occurrence in planetary and stellar interiors and atmospheres to galactic and even meta- 
galactic scales. In this latter case turbulence provides the chaotic environment in which 
the galaxies and clusters of galaxies arc formed. From the laboratory scale to that of 
clusters of galaxies span of scale is of order of 10 25 . According to recent ideas, turbu- 
lent fluxes arc surmised in appearing perturbations in the form of vortexes, which give 
rise rotation phenomena in the universe. Finally, it has been proposed that turbulence 
is responsible for the present form of the Universe. 

In studying turbulence in astrophysical context, one generally encounters two 
kinds of problems. One of them is construction of an adequate model for describ- 
ing the observed picture of chaotic movements in the radiating medium. The problem 
is rather complex since the nature and manifestations of such movements may differ 
drastically dependent on the values of Reynold’s number. In applying the developed 
model one need to solve the second problem that is finding the features of the spectrum 
expected to observe. The satisfactory agreement of results of the developed radiative 
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transfer theory with observational data allows to hope to estimate eddy sizes and some 
other characteristics of the radiating turbulent medium. 

Historically, the non-thermal mechanism due to hydrodynamic motions was in- 
voked in order to achieve satisfactory agreement between the theoretical and observed 
profiles and equivalent widths of spectral lines formed in stellar atmospheres, although 
no directly observable proofs existed for the hydrodynamic nature (in the customary 
sense) of this phenomenon. However, the phenomenon of granulation, which is di- 
rectly observable in the Sun’s photosphere, as well as motion on dilferent scales in 
solar prominences, suggests that this kind of phenomenon is to be expected in other 
stars as well. This leads to the question of how random variations in the velocity field 
within a radiating atmosphere affect the observed spectra. The present study covers 
some of the most important aspects of this problem. 


2, The problem of meso-turbulence 

As it is known, the hydrodynamic characteristic of turbulent motions is the correlation 
coefficient along the direction of propagation of a ray. It depends significantly on the 
type of turbulence and is determined by the degree of correlation between the variations 
in the velocity field at different points in the medium. The hydrodynamic characteristic 
of turbulent motions is the correlation length. In the two limiting cases of A —> 0 and 
A — » oo, the problem of spectral line formation is greatly simplified, so these cases have 
been most often invoked by astrophysicists in the course of interpreting the observa- 
tional spectra. For values of smaller than the photon mean free path, random variations 
in the hydrodynamic velocity at nearby points of the medium are essentially indepen- 
dent of one another. In the limit of A —* 0, the velocities of the motions ar e independent 
on an atomic level, so that in calculating the profile of an observed line only the Doppler 
shifted absorption coefficient in the line is averaged over the velocity. This limiting case 
corresponds to micro-turbulence. In the opposite limiting case of A — > oo, known as 
macro-turbulence, the hydrodynamic velocities at all points vary in unison, so that the 
mean profile of the spectrum line is a superposition of profiles that arc shifted by dif- 
ferent amounts, as happens when the radiating object is rotating. Evidently, the micro- 
and macro-turbulence models are only approximations and do not provide a clear - idea 
on the effect of turbulent motions in the case of arbitrary sizes for the turbulence cells. 
This intermediate case, often referred to as meso-turbulence (Gray, 1978), has been 
examined by many authors. An early paper by Traving (1964) (see also Humdt, 1973) 
dealt with a discrete model problem in which absorption by atoms was replaced by 
exponential absorption on the part of solid, independently moving turbulence cell with 
finite, but fixed dimensions. This approach was developed further (Frish, 1975; Frish 
H.& Frish U., 1976) under the assumption that the sizes of the cells can vary randomly, 
with the interface points distributed in space according to the Poisson law (the so-called 
Kubo- Anderson process (Bharucha-Reid, I960)). With some simplifying assumptions, 
a closed expression was obtained for the statistical mean profile of a spectral line under 
FTE. A fundamentally different method has been developed (Gail & Sedlmayr, 1974; 
Schmid-Burgk, 1975) as a continuum analog of the problem. It reduces to considering 
a Uhlenbeck-Ornstein process (Gail et al., 1975) with a Gaussian velocity distribution. 
The result is Fokker-Planck type equations for the joint distribution function of the ve- 
locities and the radiated intensity in the line. These equations are rather complicated 
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Figure 1 . The schematic picture of radiating one-dimensional turbulent atmosphere 

and are solved numerically. In fact, both of the above approaches are approximate and 
are not consistent with one another. 


3. Invariant imbedding. The LTE atmosphere 

Now we briefly reproduce the approach proposed in (Nikoghossian, 2007a) which uses 
the method of invariant imbedding. Consider a one-dimensional atmosphere of finite 
optical thickness measured at the center of a spectral line in the absence of hydrody- 
namic motions. We shall assume that the medium contains energy sources of power 
B{t)tu{x), where tn(x) = oAx) + (A oAx) is the profile of the absorption coefficient and 
/j is the ratio of the absoiption coefficient in the continuum to that at the line center. 
The quantity B(r) plays the role of a source function and is related to the Planck func- 
tion. We shall assume for simplicity that a steady state, homogeneous and isotropic 
turbulence has developed in the atmosphere, so that the hydrodynamic velocity vector 
v is a random function that depends on the depth, while the mean characteristics of the 
velocity field are independent of the depth in the atmosphere (Batchelor, 1970). In ad- 
dition, let us suppose that the probability law according to which the velocity takes one 
or another value is also independent of the depth. Finally, we assume that the variations 
in velocity inside the medium are correlated with one another. We are interested in the 
mean intensity of radiation, (I(tq, x)) , emerging from the boundary t = tq (Fig. 1 ) 

We start with introducing the function (/(to, a, u)) standing for the mean intensity 
of the radiation emerging from the atmosphere with frequency a under conditions that 
the hydrodynamic velocity at the boundary of the medium is equal to u, the latter being 
measured in units of thermal velocity. Effect of the radiation on the velocity field will be 
neglected. We denote by G{u, u' ,p(l))du the probability that if the value of the velocity 
at depth r' is u', then at depth r it will lie within the interval u, u + du. Because of 
the uniformity of the process, the con-elation coefficient p depends only on the distance 
between the points, l =| t-t' |. In the simplest case of spectral lines under LTE, one can 
use the rules of addition for statistical mean intensities developed in (Ambartsumian, 
1941, 1944; Sobolev, 1958) to write for the mean intensity resulting from augmentation 
of the initial turbulent atmosphere of thickness to by the small layer A possessing the 
same properties 



■OO 


G(u, u',p(A))(/(To, a, u'))du + (1) 


■OO 


B(t 0 )[1 - e 



This equation is crucial for deriving the equations for the random function (/(to, x, u)). 
Once it has been determined, the unknown value of the statistical mean intensity (/(tq, x)) 
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Figure 2. The effect of the mean correlation length on the profiles of a spectral 
line formed at the boundaries to (a) and 0 (b) of a turbulent atmosphere of optical 
thickness To -2 with non-uniformly distributed primary energy sources. The curves 
with circles represent the line profiles in the absence of turbulence. 


can be found by virtue of 


</(t 0 ,x)> 



P(u)(/(to, x, u))du. 


( 2 ) 


where P(u) is the distribution law of turbulent velocities. 

One may specify the law governing the variations in the non-thermal velocity at 
different depths by assuming that the process is Markovian and consider a Gaussian 
distribution in the plane. Then 


G(u, u',p ) 


1 

U t ^7l{\ -p 2 ) 


exp(- 


(u - pu’) 1 

- p 2 ) 


(3) 


where u, - \fn(u tur b) and (u tU rb) is the mean hydrodynamic velocity in units of thermal 
velocity. 

Solution of Eq.(l) for intermediate values of A allows to study the dependence of 
the line profile, integral intensity, and the width on the mean correlation length and the 
average value of the non-thermal velocity. 

Effect of turbulent motions on the form of the spectral line profile is shown in 
Fig. 2. We see that the turbulence in the atmosphere broadens the line profile for any 
sizes of eddies while the extent of this effect differs in passing from micro- to macro- 
turbulence. The comparison of two limiting regimes implies that the observed profiles 
for micro-turbulence are brighter as compared to those in the opposite limiting case, 
so that macro-turbulence favors thermalization of radiation in the medium much bet- 
ter than the other regimes of turbulence. We conclude also that this effect is more 
pronounced at the boundary r = 0 , where the produced energy is less. Solution of 
the spectral line formation problem for intermediate regime of meso-turbulence gives 
an idea of transition between different regimes of turbulence dependent on correlation 
length that determines the size of eddies. Fig. 3 demonstrates this transition for integral 
intensities in the case of inhomogeneous atmosphere of optical thickness To = 1 and 
different value of hydrodynamic velocity. The left and right panels shows this effect cor- 
respondingly for boundaries r = tq and r = 0. We see that there is fairly narrow range 
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Figure 3. The integral intensities of spectral lines formed at the boundaries r o (a) 
and 0 (b) of a turbulent atmosphere of optical thickness to = 1 for energy sources 
varying linearly with depth B(t ) = 1 + r 


of correlation lengths variations (-0.5 < log A < 0.5), where the meso-turbulence takes 
place. The similar result can be obtained in considering this effect for FWHM of lines 
(Nikoghossian 2007a). 


4. Invariant imbedding. The NLTE atmosphere 

The next important point is to find out the effect of scattering processes in turbulent 
NLTE media on the observed profiles of spectral lines. Taking multiple scattering into 
account makes the radiative transfer problem more complicated because of the appear- 
ance of interrelation between radiation field in different volumes of an atmosphere. An 
additional difficulty arises in the case of a turbulent atmosphere: during the diffusion 
process a photon can, in general, encounter one and the same layer with different val- 
ues of the hydrodynamic velocity (Frisch, 1975; Magnan 1975). This can happen, for 
example, in a rarefied medium with a high optical thickness with comparatively high 
hydrodynamic velocities. This phenomenon is sometimes neglected, and this makes 
it somewhat easier to solve the problem. It is, however, obvious that the validity of 
this approximation should be checked in each case. We assume also that the value of 
the non-thermal velocity at a given point in the atmosphere does not change during the 
time taken by atom for re -radiation of the absorbed photon. Our goal in this section is to 
determine how and over what ranges the different characteristics of radiative diffusion 
(mean number of scattering events, average time of a photon travel in the medium) vary 
during the transition between the two limiting regimes of macro- and micro-turbulence. 

As in section 3, we consider a one-dimensional absorbing and scattering turbu- 
lent atmosphere of finite optical thickness To which now supposed to be free of energy 
sources, instead, it is illuminated from outside from the site of boundary r = tq. We arc 
interested in the averaged properties of reflection and transmission of the medium, or, 
in other words, in the profiles of the lines observed at both boundaries of it. Here, again, 
we use the invariant imbedding technique and first we find the required optical proper- 
ties of turbulent atmosphere for fixed value of hydrodynamic velocity at the boundary 
r = tq. The used method allows treating any kind of non-homogeneities concerned 
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the dependence of the position in the medium of parameters specifying properties not 
only of the elementary event of scattering, such as the scattering coefficient and fre- 
quency redistribution law denoted here by A and I\ respectively, but also the properties 
of turbulent motions like the correlation length, mean thermodynamic velocity and so 
on. 


For convenience, we use the vector-matrix notations and introduce the matrices 
R and Q to denote the reflectance and transmittance of the medium illuminated from 
the site of boundary r = r o for the fixed boundary value of hydrodynamic velocity 
u. The elements of these matrices evidently depend on the frequencies of incident and 
correspondingly of reflected and transmitted photons. 

Being applied the invariant imbedding leads to the following matrix differential 
equations 


— = G»a R(w, t 0 ) - [m(w)R(w, t 0 ) + R (u, r 0 )m(n)]+ 
dr 0 


n(u) + R (w, To)n(u)R(u, to), (4) 

dQ 

— = 0»aQ (w, t 0 ) - Q (w, ro)[m(«) - n(w)R(w, r 0 )]. (5) 

dT 0 

with initial conditions R(n, 0) = 0 and Q(n,0) = I. Here <I> \ = (dG /dl)i=o, n(w) = 
(. A/2)T(u ), m(ii) = cl>( u) - niu), io(u) = a(u) + J3, The elements of the frequency re- 
distribution matrix T(n) depend on frequencies of incident and scattered photons being 
displaced by u. Finally, a{u) is a diagonal matrix of the line absorption profile with the 
displaced frequency. 

In the case of macro-turbulence A — > oo for any / and <t>\ = 0, G(u,u',p(l )) = 
8{u - n')-In the opposite limiting case of micro-turbulence A — > 0, so that 


^ - -[<m)<R(r 0 )> + <R(r 0 ))<m>] + <n) + (R(T 0 )><n)(R(r 0 )>, (6) 

«T() 


d( Q> 

= -<Q(ro))[<m) - <n)<R(r 0 )>, (7) 

dT 0 

with (R(0)) = 0, (Q(0)) = I. Under (m) and (n) we mean these quantities averaged 
over all boundary values of the non-thermal velocity. 

Some typical examples of numerical solution of presented matrix equations for 
complete redistribution over frequencies are depicted in Figs.4. It is seen that in both 
limiting cases the turbulence broadens the profiles of the observed spectral lines. How- 
ever, as for LTE lines, this effect is more significant in the case of micro-turbulence, 
in which both the reflected and transmitted profiles exceed those for macro-turbulence 
within practically entire frequency range (Fig.4). This implies that the micro-turbulent 
atmosphere is relatively more reflective, i.e., brighter, and opaque then that with macro- 
turbulence. 


5. Semi-infinite absorbing and scattering turbulent atmosphere 

To gain further insight of the role of eddy-sizes, we present here some results concerned 
the problem of diffuse reflection from a turbulent semi-infinite atmosphere (Nikoghos- 
sian 2007b). 
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Figure 4. Reflection and transmission coefficients of an absorbing and scattering 
atmosphere of optical thickness To = 3 in the absence of turbulence and in the cases 
of the developed macro- and micro-turbulence 



X X 


Figure 5. Profiles of the lines formed during reflection from semi-infinite micro- 
turbulent (left) and macro-turbulent (right) atmospheres. The central intensity of 
a line formed by reflection from a micro-turbulent atmosphere essentially remains 
unchanged as the average non-thermal velocity increases. In the macro-turbulent 
regime, the equivalent width of the line does not change. 
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Figure 6. Mean number of scattering events underwent by a photon during diffu- 
sion in an atmosphere with micro- (left) and macro-turbulence (right). True absorp- 
tion in the continuum is also treated as scattering. 


Fig. 5 shows profiles of a spectral line formed by diffuse reflection from micro- 
and macro-turbulent semi-infinite atmospheres for different values of the mean hydro- 
dynamic velocity u. We arrive at the known result of a constant equivalent width for the 
macro-turbulent regime. On the other hand, according to the left graph, in the micro- 
turbulent regime the intensity at the line center remains essentially constant, while the 
half width and equivalent width of the line rapidly increase with an increase of the 
mean hydrodynamic velocity. The behavior of the line profiles does not change qualita- 
tively for other values of the scattering coefficient A. It confirms the above mentioned 
conclusion on the more reflective ability of the micro-turbulent atmosphere. 

One of important characteristics of radiation diffusion in any absorbing and scat- 
tering media is the mean number of scattering events (N(x)) underwent by a photon 
during the diffusion process before it undergoes true absorption and is thermalized in 
the medium or escapes it. The average time spent in diffusing in the atmosphere we 
denote by (Q(jt)) (we neglect the time spent by an atom in an excited state). (Q(jc)) is 
dimensionless and is measured in units of 1 / nck v , where n is the number of absorbing 
atoms per unit volume and k v is the absoiption coefficient per atom at the line center. In 
both the macro- and micro-turbulent regimes, these quantities can be found using the 
methods we have described in (Nikoghossian, 1984; 1986). 

Figs. 6, 7 illustrate the frequency behavior of the statistical mean values of (N(x)) 
and (Q(x)) obtained in (Nikoghossian 2007b) for different values of the mean hydrody- 
namic velocity. As a comparison these quantities are plotted also for the case in which 
there is no turbulence in the atmosphere. The different behavior of (N(x)) in these two 
regimes stands out. Like the line profile, the mean number of scattering events at the 
central frequencies in the micro-turbulent atmosphere is similar to that in the absence of 
turbulence. At the same time, photons in the line wings are scattered more frequently in 
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Figure 7. Average photon residence time in semi-infinite micro- (left) andmacro- 
turbulent (right) atmospheres. 


a turbulent atmosphere, although they spend less time scattering there. Photons behave 
roughly the same way in the line wings in the macro-turbulent regime. At the central 
frequencies, however, the number of scattering events and the time of travelling in the 
medium in this case are greater than without turbulence. In addition, Figs. 8 -10 show 
that the size of turbulent elements in the far wings does not play an important role. 
On the other hand, we can see that the presence of turbulent motions has no effect on 
the asymptotic behavior of these statistical mean quantities. Physically this is under- 
standable, since in the far wings both the number of scattering events and the photon 
diffusion time are not determined by the emergence from the atmosphere, but by true 
absorption in it. In particular, this time is greatest and equal to /T 1 . It allows us to 
judge the validity in a given case of our earlier assumption of an invariant non-thermal 
velocity in the neighborhood of a given point at which a photon is repeatedly scattered. 


6. Conclusions 

The invariant imbedding technique in combination with the new approach based on pre- 
liminarily finding of the emerging intensity for a fixed boundary value of non-thermal 
velocity allows revealing the effect of turbulent motions on the line transport in both 
LTE and NLTE-atmosphere for arbitrary value of the correlation length. As it was ex- 
pected, the turbulence broaden the line profiles, however, this occurs differently in the 
limiting cases of micro- and nracro-turbulence. The observed line intensities are greater, 
the less the mean correlation length, i.e. the emission lines formed in the presence of 
micro-turbulence are brighter as compared to those formed in macro-turbulent media. 
The absorbing and scattering micro-turbulent media are more reflective and opaque in 
the case of an atmosphere of finite optical thickness. This difference is more signifi- 
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cant, the higher the mean value of the hydrodynamic velocity and the greater the optical 
thickness. Transition from micro- to macro-turbulence occurs in the narrow range of 
variations, predominantly in the vicinity of A = 1, i.e., when the eddy-sizes arc of the 
order of the free mean path of the photons travel. 

The process of the photon diffusion in the medium also takes place differently 
dependent on the value of correlation coefficient. The photons in the line wings formed 
in the micro-turbulent atmosphere scatter much more than those in the presence of 
macro-turbulence, though the former spend less time in the medium. 

It is important that the proposed approach yields a solution to the problem for a 
family of inhomogeneous atmospheres with different optical thicknesses, which, in its 
turn, makes it easy to determine the radiation field inside the turbulent medium. The 
approach can be generalized in various ways, in particular, it can be applied without 
significant changes to the case where the correlation length depends on position within 
the atmosphere. 
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Abstract. In the interpretation of the observed astrophysical spectra, a decisive role 
is related to nonlinear problems of radiative transfer, because the processes of multiple 
interactions of matter of cosmic medium with the exciting intense radiation ubiqui- 
tously occur in astrophysical objects, and in their vicinities. Whereas, the intensity of 
the exciting radiation changes the physical properties of the original medium, and itself 
was modified, simultaneously, in a self-consistent manner under its influence. In the 
present report, we show that the consistent application of the principle of invariance 
in the nonlinear problem of bilateral external illumination of a scattering/absorbing 
one-dimensional anisotropic medium of finite geometrical thickness allows for simpli- 
fications that were previously considered as a prerogative only of linear problems. The 
nonlinear problem is analyzed through the three methods of the principle of invariance: 
(i) an adding of layers, (ii) its limiting form, described by differential equations of in- 
variant imbedding, and (iii) a transition to the, so-called, functional equations of the 
"Ambartsumyan’s complete invariance". Thereby, as an alternative to the Boltzmann 
equation, a new type of equations, so-called "kinetic equations of equivalence", are ob- 
tained. By the introduction of new functions - the so-called "linear images" of solution 
of nonlinear problem of radiative transfer, the linear structure of the solution of the non- 
linear problem under study is further revealed. Linear images allow to convert naturally 
the statistical characteristics of random walk of a "single quantum" or their "beam of 
unit intensity", as well as widely known "probabilistic interpretation of phenomena of 
transfer", to the field of nonlinear problems. The structure of the equations obtained for 
determination of linear images is typical of linear problems. 


Introduction and statement of the problem. The processes of multiple scattering 
of radiation by matter of cosmic medium certainly play a decisive role in the formation 
of the spectra of astrophysical objects. Meanwhile, a various analytical and numeri- 
cal/analytical, as well as purely numerical aspects of their analysis are widely devel- 
oped to study a linear problem of radiative transfer in the scattering/absorbing medium. 
Whereas the scattering/absorbing properties of the medium itself (i.e. the radiative 
properties of the elementary volume of the given medium) are specified in advance. 
These properties have not changed in a single act of interaction of radiation with mat- 
ter. However, a linear approximation is no longer valid at relatively high intensity of 
radiation. Therefore, in interpretation of high-energy cosmic objects one necessarily 
employs the nonlinear problem of radiative transfer. In contrast, a crucial caveat in- 
volved in nonlinear problem is as follows: under a multiple interactions of radiation 
with matter, the resulting characteristics of the radiation field and the physical state of 
the medium form each other reciprocally, in self-consistent manner. Nonlinear prob- 
lems of radiative transfer theory arc still poorly understood due to the complexity of 
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their mathematical treatment, particularly, from an analytical and semi-analytic view 
point. With this perspective in sight, a major goal of this report is to supplement and 
further simplify the methods of analytical and numerical/analytical solutions of nonlin- 
ear problems in radiative transfer by exploring some plausible linear properties. 

Let us to address the nonlinear monochromatic problem of seeking the emerging 
radiation of a scattering/absorbing one-dimensional anisotropic medium of finite geo- 
metrical thickness, when both of its boundaries arc illuminated by intense monochro- 
matic radiative beams. Suppose 7* (/, x, y; L) be the intensity of radiation at a depth /, 
and L is the geometrical thickness of medium. It was illuminated from the left (/ = 0) 
and right (/ = L) boundaries by intense radiation beams with intensities x and y, re- 
spectively (positive direction is selected along the increase of layer thickness), where 
0 < x,y < oo, L > 0, and 0 < / < L. In our two recent papers (811; 812), through uni- 
fied and consistent application of the three proposals rather stemming from the invari- 
ance principle, the three self closed methods to solve the problem have been presented. 
The first is the method of adding of layers allowing to construct the internal radiation 
field by means of recurrent formulas. Whereas a particular problem of the radiation 
emerging from the given medium (809), i.e. the task of "reflection-transmission", has 
already been solved. Second method is the complete set of differential equations of 
invariant imbedding, with the corresponding initial conditions, where the differentia- 
tion is carried out by only both the space - L and the energy (x and y) variables. Third 
is a the so-called functional equations of the "Ambartsumyan’s complete invariance" 
(ACI). Whereas the spatial variables already act as a fixed parameter, while a differen- 
tiation itself is carried out only with respect of either energy parameters ( x and y ) of 
the external radiation, exciting the medium. Furthermore, by identifying certain new 
properties of "equivalence" between two different differential operators, B = and 

A = [a + (x, u~) ■ y~x~ a ( M+ >)0 ■ J|;], a new tyP e °f kinetic equation was obtained, the 
so-called "kinetic equation of equivalence" (KEE). It was favorably distinguished from 
the classical Boltzmann equation for a "photon gas" (radiation transfer equation) by its 
linearity and a separate definition of the intensities of going "forward" and "backward" 
radiation I ± . Moreover, in contrast to the transfer equation, the figured in it collision 
integrals a + (x, iC) and a~ (u + ,y) do not contain the quantities in quest I ± , but only 
their particular - values u + = 7 + | , u = / - | M) at the boundaries of the medium, i.e. 

the intensity of the emerged radiation. In the framework of the last task (of finding 
the emerged radiation ir (x, y; L), exiting medium), recently a new essential simpli- 
fication was achieved (813) (firstly reported in (810)). Despite of nonlinearity of the 
problem, we still managed to reduce its solution explicitly, similar - to the linear - case, 
to the simple linear combination of some newly introduced functions, /?*= /?* (x, y; L ) 
and T ± = T ± (x.y; L), subject to certain rules, which we called the "linear - images" 
(LI) of the solution ip- = iP (x, y; L) of the original nonlinear - problem. A distinctive 
feature of the LI is that these functions describe the reflectivity and transmittance of 
the medium for a single photon or their beam of unit intensity, incident on one of the 
boundaries of the layer. Thereby both boundaries of the medium are under the bilateral 
illumination by the beams of external exciting powerful radiation of intensities x and y, 
respectively. To determine the LI, all three methods of invariance principle listed above 
were employed (811; 812). In this report, we present some new results (without giving 
any prove) of further simplification of the solution of alluded above nonlinear - prob- 
lem of the internal radiation field (811; 812). Meanwhile, the solution of the particular 
problem of radiation emerging from the medium (813) is assumed to be known. 
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The LI for description of the internal radiation field. To solve the nonlinear prob- 
lem described above, the classical method of transfer equation formulates the two-point 
boundary value problem: 

BN 

— = ±a ± (I + ,r), 7 ± (0; x,y; L) = x, /*(£; x,y;L) = y. (1) 

Bl 

In the lineal - case, the solution of the problem of bilateral illumination of medium can 
explicitly be written by a linear combination of the solutions of two more particular 
problems of irradiating of the medium through only one of its boundaries: 

I* (/; x,y\L) = G ± (/, L) ■ x + G ± (/, L) ■ y, (2) 

where the G ± and G ± are independent of intensities of exciting medium beams. They 
describe the field intensity at a depth of /, when the medium is illuminated by only 
one of its two boundaries (left and right, respectively) beam of unit intensity. These 
quantities G ± and CN in probabilistic interpretation will by the probability densities of 
the emergence of a single quantum at depth /, initially incident on medium through 
one of its external boundaries. In the nonlinear case, the representation (2) does not 
hold, since the level of an excitement of medium now depends on the intensity of the 
radiation incident from the outside. For each new pair of values (x, y) of the external 
radiation, the scattering/absorbing properties of the medium will be different, i.e. we 
will have to deal with the "new" medium. However, when the stationary regime of the 
physical conditions of the medium and radiation field, corresponding to the specified 
pair of values (x, y), has already been established, then the level of an excitement of 
medium, i.e. the scattering/absorbing properties of each elementary volume, does not 
change anymore. Then, it is obvious that the problem of a random walk of the quanta in 
these final set of physical conditions becomes linear. Therefore, the linear structure (2), 
relating the problem of bilateral irradiated medium to the two separate problems of the 
medium which is illuminated through only one of its boundaries, will be maintained. 
Thereby the functions G ± and G ± , describing the behavior of a single quantum or their 
beam of unit intensity, besides ( /, L ), will also be function of the parameters (x, y) of 
the external radiation. Thus in the nonlinear case, a more general relation will be held: 

/* (/; x, y; L) = G ± (/; x,y;L) ■ x + G ± (/; x, y; L ) • y, (3) 

which starting from a certain small threshold value x + y < e* of external radiation 
tends asymptotically to (2). Introduced by (3) a new generalized quantities G ± and G ± 
let be called LI of solution of internal radiation field problem (1). We may emphasize 
three important properties of LI: 1) They describe a more simple nonlinear problems 
of a unilateral external illumination of medium; 2) In a complete analogy with the real 
lineal' case: a more general solution to the nonlinear problem of the external bilateral 
illumination of medium is explicitly expressed via a simple linear combination of the 
LI; 3) Finally, with respect to LI, it is applicable a widely known probabilistic inter- 
pretation of transfer phenomena. Introduction of LI was motivated above by purely 
physical considerations, which are enough to find these functions by direct application 
of the method of principle of invariance to them. However, mathematically more con- 
sistent and rigorous way would be an unified, purely formal derivation of the equations 
of LI in quest, as a further development of the already reported overall results of the 
works (811; 812). 
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The method of adding of layers. Let the solutions of radiation transfer problems for 
both layers of geometrical thickness A and B. are previously known. It was required to 
determine, in terms of their solutions, the intensity of the internal radiation field for the 
composite medium of finite geometrical thickness A +B. Substituting the representation 
(3) into the general formula of nonlinear adding of the layers of the work (811): 

7* (l, x,y,A + B) - 7* (l, x, s; A ) , 7* (A + l,x,y;A + B) = 7* (l, p,y; B ) , (4) 

after some calculations we obtain the corresponding formulas in quest for the adding of 


LI: 

G ± (l;x,y;A + B) - G ± (/; x, 5 ; A) + G ± (/; x, 5 ; A) ■ s+, (5) 

G ± (L,x,y,A + B) = G ± (l;x,s;A)- s_, (6) 

G± (A + l ; x, y;A + B) = G ± (/; p,y B) ■ p + , (7) 

<5* (A + /; x, y: A + B) = G ± (/; p, y, B) + G ± (/; p, y B) ■ . (8) 


The functions p + = p + (x, y) and 5+ = s + (x, y), imply the probability densities of pho- 
ton incident through the left boundary of the composite layer of thickness A + B. while 
after random walk, it will move at a depth of A (i.e. on the boundary of the joint / = A of 
both parts A and B), in forward or backward, respectively. The functions s~= s- (x.y) 
and p- = p_ (x, y) are their counterparts referring to the right boundary. They, as well as 
the functtions p, s, have been defined in advance when considering a particular - problem 
of the emerging radiation (813). Unlike implicit forms (4) of the general formulas of 
nonlinear - summation of the functions I ± , the corresponding formulas of their LI (5)-(8) 
were appeared in the form of explicit structures, in complete analogy with the linear 
case (hereinafter, in the transition from formulas of nonlinear - case to linear - case, for 
simplicity, we will not alter the abbreviated notations, but will only point out what is 


the case they refer to): 

G ± {l, A + B) = G ± (l, A) + G ± (l, A) ■ G~(A,A + B ) , (9) 

G ± (l, A + B) = G ± (l, A) ■ G~ (A, A + B ) , (10) 

G ± (A + l, A + B) = G ± (/, B) ■ G + (A, A + B) , (11) 

G ± (A + /, A + B) = G ± (LB) + G ± (, l,B ) • G + (A, A + B) . (12) 


Invariant imbedding. A complete set of differential equations of invariant imbed- 
ding is obtained when in the formulas of adding layers (4), we set the thickness of the 
layers A and B to tend sequentially to the elementary layer A —* 0, in which it can be 
limited just to one act of interaction of radiation with matter. From the thus obtained 
general differential equations 7* (/; x, y; L ) (811), by substituting (4), it is now easily to 
derive a complete set of equations of invariant imbedding of the LI under the study: 

(ji + i) G± = a ^ x ’ u ">-^- G± -^’ (13) 

[jl + = a+ +G± 'T + ( X ’ M_ ) ’ T ' ( 14 ) 

4r G± = a ~ ( u+ A') ■ 7 r G± + G± -x~ (u\y) ■ T + , 


(15) 
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4-G* = a" (u + ,y) ■ ^-G ± - G ± ■ y~, (16) 

oL oy 

where the following notations arc used: 

y + = y + {x,y;L ) = x + (x,u~ (x,y, L)) - x + (x, u~ (x, y; L)) ■ R~ (x, y; L) , (17) 

J ~ = y~ ( x,y;L ) = (u + (x,y;L) ,y) - (n + (x,y,L),y) ■ R + (x,y,L), (18) 


The functions w* (x, y;L ), (jc, y;L) and T ± (x,y;L) are assumed to be known in 
advance from particular problem of emerging intensities (813), the functions (x, y) 
and (x, y) characterize only the elementary act of scattering. In the linear case they 
become constants. The collision integral of transfer equation (1) can be written in terms 
of them explicitly (see (813)): 

a* (x, y) = -x* (x, y) ■ z* +y ± (x, y) ■ z + , where z + = x, z~ = y. (19) 

As we seen, although the formulas (13)-(16) refer to nonlinear case, however they have 
the same structures of equations of linear case: 

d + i) cl = - G *'^ ti G± = 6± x ~ r ’ (20) 

[fi + i) e±=G± -^- T ~’ k 6± = ~ 6± ^- (21) 

with the only difference that in equations (20)-(21) of linear case there is no dependence 
on the parameters (x, y) of the exciting medium external radiation, i.e. the unknown 
functions G ± , G* depend only on (/, L), and the auxiliary functions R ± , T ± -only (L), 
the >r ± , x ± arc constants. As expected, the relations (13)-(16) asymptotically trans- 
formed into (20)-(21) with decreasing of the exciting medium external radiation. That 
is, the nonlinear problem of radiative transfer is converted into the corresponding linear 
problem. Equations (16) are linear. By substitution of initial conditions (i.e via the 
formulation of the Cauchy problem) for the L or y, they allow to calculate G + and (T 
separately. In the sequel, the G + and G~ can be defined similarly from (15). 

The transfer equations for LI. The transfer equations for LI arc derived by substi- 
tuting (3), (19) into (1), which represent a system of four coupled equations: 

± j l G± = -K t {l + , n -G ± +x ± (l\n-G^, G + | /=0 = 1, G-| /=l = 0, (22) 

±j l G ± = -x ± {r,r)-G ± +x ± {l\n-G*, G + | /=0 = 0, G~| /=L = 1, (23) 

where the functions f ± arc written in the form of (3). By virtue of formulas of adding 
layers, the boundary value problem (22-23) can be simplified up to two separated sys- 
tems of connected equations, which define both pairs of G + , G + and G~, G~ separately. 
For the first, we have the following system: 


l G + = -y + (I + ,y,L-l)-G + , 


(24) 
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-G + = -y + (7 + , y; L- l) ■ G + + X + (7 + , u ( 7 + ,y; L-l)) ■ T~ ( 7 + ,y; L-l) (25) 

provided with the representation (3) and the initial conditions G + | / _ (| = 1, G ' | / () = 0. 
The second pair can be found directly from the explicit expressions: 

G~ - R~ (I + ,y,L - l) ■ G + , G~ - T~ (7 + ,y; L-l) + R~ (7 + ,y;L - l) ■ G + . (26) 

Or, otherwise, for the second pair, one can explore the system: 

o 

- jG~ = -y~ (x, /-;/)• G + X ~ ( u + (x, /";/), I~) ■ T + (x, /";/), G ~ | /=L = 0, (27) 

- = -y- (*,/-; 0-G“, G“| /=l = 1, (28) 

and then the first can be found from explicit expressions: 

G + = T + (x, /“;/) + R + {x, /“;/)• G _ , G + = 7? + (x, /“;/)• G“. (29) 

Functional equations ofACIfor LI. Using a complete set of invariant imbedding 
equations together with transfer equation allows to eliminate all derivatives over spatial 
variables and obtain for LI functional equations of ACI, where the spatial variables 
(/, L ) are figured as fixed parameters only: 

AG ± = +G ± ■y + + G ± - X - ( u\y ) ■ T + ± [-** (7 + ,r) ■G ± + X ± (7 + ,7“) • G T ] , (30) 
AG ± = -G ± -y~ -G ± - X + (x,u~) ■ T~ ± [-m* (7 + ,7 _ ) • G ± + X ± (7 + ,7“) • G T ] . (31) 

The appearance of the ACI operator A is a direct consequence just nonlinearity (see (809)) 
Its form was presented above. It is noteworthy that it includes only the characteristics of 
the radiation iF emerging from the medium, and keeps its form unchanged if one goes 
from a particular problem of the emerging radiation (809)) to the more general problem 
of determining the internal field 7* (811; 812) (while it is not become complicated). 
Furthermore, a differentiation is carried out in it only with respect to the parameters 
of the exciting medium external radiation (x,y), when the value of the thickness, L, 
is fixed. The ACI relations (30)-(31) represent a system of four differential equations. 
With the formulas of adding of layers, similarly to (22)-(29), they can be simplified up 


to two separate systems. First one is in the form: 

Ag + = [y\x,y,L) - y + (7 + ,y; L - /)] • G + + G + ■ X ~ ( u\y ) ■ T\ (32) 

AG + = - [y- (x, y; L) + y + (7 + , y; L - /)] ■ G + - G + ■ X + (x, u~) • T 

+ * + (7 + , u (7 + ,y;L - /)) • T~ (7 + ,y; L-l) . (33) 

The second system can be recast in the form: 

AG - = [y + (x,y;L) + y- (x,7“; /)] ■ G" + G~ ■ X ~ ( u + ,y)-T + 

- x ~ ( u + (x, r ; /) , 7“ ) • T + (x, r ; /) , (34) 

AG~ = - [y~ (x, y; L) - y~ (x, 7“ ; /)] • G~ - G~ ■ X + (x, u~) ■ T~ . (35) 
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Kinetic equations of "equivalence" for LI. If we exclude the derivatives over the 
thickness L in the complete set of invariant imbedding equations (13)-(16), we directly 
arrive at the KEE for LI: 


( |G + = Ag + - G + • y + - G + -y" ( u\y ) ■ T + 
{ f G + = A0 + + G + -y~ +G + -x + (jc, u~) ■ T~ 


(36) 


| |G- = Ag~ -G~-y + -G-- X - ( u + ,y ) • T + 
{ |G“ = AG~ +G~ -y- +G~ - X + (x, u~) ■ T~ 


(37) 


As the obvious advantages of KEE (36), (37) in comparison with the classical equations 
of radiative transfer (22), (23), we point out only their linearity and independence of I ± . 

The initial and boundary conditions for differential equations of LI. We have above 
presented various differential equations of LI. They require proper choice of initial and 
boundary conditions. Therefore, it is appropriate to bring at the end of our report a set 
of particular' values of the unknown quantities: 


G + | /=0 = l, G~\ l=0 = Rffx,r,Ll 


G% L = T\x,y,L), 



= 0 , 


G + | /=0 = 0, G-\ l=0 = T~{x,y,L), G + [ =L = R + {x,y L), G \ l=L =h ( 38 ) 

G^ - ff (, l,y L) , G* | v=() = F ± (l, x; L), G ± | a=() = ff (, l,y L ) , 

G ± U = F ± (U;L), G% y=Q =ffflL\ GX^^r-iUQ. 

The functions J ± . F ± , /*, F ± are solutions of more pai'ticulai', auxiliary tasks of 
LI, whereas only one of the boundaries of the medium is exposed to external radiation. 
By f* and / we denoted the solutions of the linear - case, i.e. the case when the medium 
is assumed to be not excited. From the adopted notation it is easy then to understand at 
what particular - values of the functions is possible to obtain, from above relations, the 
necessary equations defining those more particular, auxiliary functions. 
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Abstract. New cosmic scales, completely different from the Plank’s scales, have 
been disclosed in the frame of so called “Non-Inflationary Cosmology” (NIC), created 
by the author during last decade. The proposed new ideas shed light on some hidden 
inaccuracies within the essence of Planck’s scales in Modern Cosmology, so the new 
scales have been nominated as “NAIRI (New Alternative Ideas Regenerating Irregu- 
larities) Cosmic Scales” (NCS). The NCS is believed to be realistic due to qualitative 
and quantitative correspondences with observational and experimental data. The ba- 
sic concept about NCS has been created based on two hypotheses about cosmological 
time-evolution of Planck’s constant and multi-photon processes. Together with the hy- 
pothesis about domination of Bose-statistics in the early Universe and the possibility of 
large-scale Bose-condensate, these predictions have been converted into phenomena, 
based on which the bases of alternative theory of cosmology have been investigated. 
The predicted by the author “Cosmic Small (Local) Bang” (CSB) phenomenon has 
been investigated in the model of galaxy, and as a consequence of CSB the possibility 
of Super-Strong Shock Wave (SSW) has been postulated. Thus, based on phenomena 
CSB and SSW, NIC guarantees the non-accretion mechanism of generation of galax- 
ies and super-massive black holes in their core, as well as creation of supernovas and 
massive stars (super-massive stars exceeding also IOOMq). The possibility of gravita- 
tional radiation (GR) by the central black hole of the galaxy, even by the disk (or whole 
galaxy!) has been investigated. 

Keywords: Cosmology; Physics of black holes; Star formation, origin, evolution, age; 
Gravitational waves generation and sources. 


1. Introduction 

The cosmic laboratory is exceptionally unique, so cosmological phenomena are irre- 
producible in Earth-based experiments. So the following general question may raise: 
“How terrestrial phenomena may be consider for cosmic situations based on epis- 
temological principles and observational facts without global changes of physical 
concepts, requested by the enormous differences in these models?”. These a’ priori 
judgments become more realistic and important under light of Viktor Ambartsumian’s 
challenging statements (815), especially: “...Whether conceptions of terrestrial physics 
identically applicable for Universe at all stages of evolution and everywhere in lim- 
itless space-time continuum, moreover in situations of unimaginably great values of 
physical parameters?” Hopefully, he had in mind the straight mathematical extensions 
of the theory of terrestrial physics towards these tremendously small time-space scales 
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and huge energetic scale, so the disbelief first of all has been related to the theory 
of Big-bang, consequently the nature and essence of Planck’s scales! However, after 
registration of the relic microwave radiation Ambartsumian’s famous epistemological 
questions found direct impact on emergence of cosmomicrophysics -new direction in 
cosmology ((839; 840)). In our investigations, together with new ideas and approaches 
in cosmomicrophysics, essential role has been devoted to the equation of state of the 
quantum plasma in the form of Bose-condensate, as well as to possibilities of cos- 
mological time-evolution of Planck’s constant, and disclosure of NCS in Matter Era. 
New cosmic scales evidently conceal information about the gravitational interaction 
- era of formation and upper limit of radius. Referring to the above some problems 
of large-scale cosmology, focusing on hierarchical regularities of galaxies’ groups and 
clusters, even super-clusters have been highlighted in the scope of new cosmological 
approaches. The main puipose of these investigations was the assessment of the up- 
per limit of the radius of gravitational interaction and initial large-scale fluctuations, 
outlining the features of hypothetical multiple universes (so-called "multiverse"). The 
reality of last might be the possible observational evidence - hypothetical or even phan- 
tom phenomenon of “cosmological blew-shift” (825; 826; 827; 828). Combining above 
mentioned one nominate NCS as cornerstone for the illustration and understanding of 
fundamental phenomena and corresponding processes, which may open new paths of 
ideas and approaches towards alternative investigations of evolutionary processes, as 
well as energetic resources of galaxies and activity phenomena of the non-stable Uni- 
verse. 


2. Some Circumstances, Stipulated the Establishment of Alternative Cosmology 

The Modern Cosmology (MoC) constructs the main physical entities based on “di- 
mensional judgments”, where only fundamental constants of physics arc using, even 
presuming their same current values at the beginning stage of Universe. In such situa- 
tion the epistemological question may be formulated: if in initial Universe no physical 
process might be realized and more than stabilized, besides the fluctuations of physical 
fields in their vacuum, then how the physical entities might be calm down as constants? 
Another important obstacle in the Planck’s scales’ formula is that the coefficient as- 
sumed of order unit. Meanwhile, such an attempt would be reasonable in case of ex- 
ternal fields of mild or moderate intensities, while in the early stages of Universe the 
physical fields have been strong, so multi-photon approaches might illustrate the real 
character of phenomena. If such qualitative approach may be legitimate in the frame 
of single -photon processes (not-intensive fields), the same one would be quite ques- 
tionable for the situation in the early Universe, where physical fields have been strong, 
especially the character of electromagnetic processes were multi-photon.lt means that 
the precision of accuracy should be determined by the numerical coefficient in the for- 
mula based on “dimensional judgments”. Apparently, the “formulas” for the Planck’s 
scales should contain numerical coefficient, which however has been taken there as unit. 
This fact in our opinion is a main obstacle of MoC, which has became a reason for hard 
understanding of hyper-high densities of mass and energy. Contrary to Planck’s scales, 
NIC successfully solved the problem of cosmological scales and revealed the uncertain 
coefficient in “dimensions based formulas” via multi-photon probability of processes. 
On the light of mentioned one remark some issues of MoC, raising, in our opinion, as 
open-ended questions: 
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A. As the hypothetical “gravitational radius” of the Planck’s hypothetical particle 
is the twofold Planck’s length, then this fact might be interpreted even the Planck’s 
hypothetical particle is microscopic black-hole, consequently it must be absolutely 
stable particle. Contrary, if we will analyze the structural issues of such hypothetical 
particle, the following nuances would appeared in its new physical essence. 

B. As the structure of Planck’s hypothetical particle remains unknown both for 
the astrophysical observations, as well as for the terrestrial experiments, the following 
physical notions must be examined: 1. If the Planck’s particle hasn’t structure, it would 
reached the Earth and be registered in terrestrial experiments, even be observed due to 
any physical phenomenon. 2. If the Planck’s particle might be structural one, consisted 
of other non-structural Bosons, for example of Higgs’ particles, the Planck’s particle 
would remain as microscopic black-hole, but in this case Higgs’ particle never might be 
appeared in the Universe (in contrast Higgs’ boson was registered). 3. If the Planck’s 
particle might consist of “structural bosons”, for example pairs of particle-antiparticle, 
then at some threshold value of concentration such "structural bosons" would distorted 
and the Pauli exclusion principle should appeal - : then the Fermi energy would prevail 
the gravitational potential, and the Planck’s particle would destroyed. 

Summarizing the above mentioned, it can be argued that the behavior of Planck’s 
hypothetical particle is not fully disclosed; in our opinion, the “definition” of temper- 
ature of the earliest Universe is artificial too (827), because it has been “constructed 
as an equivalent of Planck’s energy”. Below, in the scope of NIC, this issue will be 
discussed, based on statistical determination of temperature. 

C. Let briefly discuss some other ideas against expansion model of the Universe: 
1. Some authors believed that the expansion of Universe at the 1st stage was realized 
by ultra-light speed (?!). 2. The expansion, based on Hubble’s law and Doppler’s ef- 
fect, excludes any alternative idea. 3. Some counter-questions of general character may 
rise aiming at the straightening of the MoC, especially: a) The inflationary expansion 
is accepting just one seed from about billions similar ones, so what might happened 
with Universe, if at least two or more initial seeds might started their growth simul- 
taneously? b) If inflationary expansion mechanism has ensuring the homogeneous- 
isotropic behavior also for large-scale Universe (sizes above 100's Mega-parsecs), then 
why observations are registering significant deviations from the homogeneous-isotropic 
features even for 10’s Giga-parsecs? (it means observed huge voids, filaments and 
walls of galaxies close to the horizon of Metagalaxy; about other counter-thoughts al- 
ready has been mentioned in (825; 826; 827; 828)). c) How and why the starting 
“pure homogeneous-isotropic feature” has been supplemented by the small fluctuations, 
whose further growth could initiate the generation of large-scale structure as galaxies? 
If in scope of MoC only fluctuations might be sufficient for above mentioned, then why, 
when and how astrophysical phenomena have been formed, securing as well the broad 
and multiple features of stars and galaxies? 


3. Time-evolution of Planck’s Constant and Cosmic New Scales. Non-Accretion 
Mechanisms of Generation of Massive and Supermassive Stars 

In the scope of NIC the problem of dark-energy does not arise at all, however an al- 
ternative idea about dark-matter might be found relatively clear physical explanation in 
the scope of heterogenic Bose-condensate, which has been predicted and investigated 
in (816)). Next issue is connected with generation mechanisms of galaxies and massive 
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stars. In contrary to traditional accretion mechanism, NIC suggests entirely different 
attempt to this problem. In new approaches of NIC the original phenomenon - Cosmo- 
logical Small Bang (CSB, which is a result of the crush of the self-gravitating Bose- 
condensate) and its’ direct consequence - Super-Strong Shock Wave (SSW) - might 
guarantee new competitive mechanism of accumulation of cosmic objects in broad 
scales of mass. These phenomena might realize as well the astrophysical mechanism of 
galaxies’ rotation. As the first promising prediction of NIC was the possibility of initial 
Bose-condensate in the early Universe, this inspiring result has encouraged to make 
the second motivated theoretical assumption: the theory of NIC has suggested alterna- 
tive idea (instead of Doppler-Effect) for the explanation of the cosmological redshift, 
based on hypothesis of temporal evolution of fundamental constants, namely Planck’s 
constant (the action-function’s quantum of the unified theoretical descriptive concept 
of physics). As a result of such a brave idea NIC was released from the obligation 
of dark-energy hypothesis. Second no less important result: NIC awards completely 
new comment to the astrophysical meaning of the Hubble’s constant. The new essence 
of this astrophysical concept, initially being illustrated in (819; 820; 821)), should be 
completed (in comparison with (825)) in the separate paper, based on further progress 
and adventure of cosmomicrophysics. 

For stars consisted of fermions, the Chandrasekhar's condition puts an upper limit 
on maximum possible mass of object. Contrary to this fact, the astrophysical objects, 
consisted entirely of bosons, arc free of Pauli exclusion principle (consequently of 
Chandrasekhar’s condition), doesn’t need any additional mechanism of mass accumu- 
lation, rather than self-gravitational collapsing. 

Note, that accretion processes, which supposedly arc leading to the formation of 
massive stars, still remaining a mystery: till days it is uncertain how might be formed 
stars tens to hundreds times more massive than the Sun. It is well-known that the max- 
imum mass of the star formed by accretion of gas onto the bare core (so called “normal 
accretion”), is assessed to be in order of 20-40Mq . If low-mass stars are observing in 
relative isolation from each other, the massive ones - always in tight clusters. In case 
of another mechanism - “competitive accretion” (mutual movement of parent cloud 
protostar and gas, which originally don’t relate to the protostar) the mass of protostar 
could not rise above IOMq due to intrinsic radiation of star. In case of "disk-accretion" 
mechanism, the disk itself must be quite massive, however massive disks are gravita- 
tionally unstable. Even if the disk would fragment itself, the result of the disk-accretion 
instead of a massive star would be multiple system of few moderate mass stars. Thus 
the issue of generation of massive stars remains open even till mass 50 Mq , does not 
speak already about stars exceeding IOOMq. In such situation the new theory of NIC 
could attract attention on common mechanism of star’s formation in broad range of 
mass caused by CSB and SSW. Summarizing one may state, that the phenomena of 
CSB and SSW, in principle, were effective to generate different cosmic objects, start- 
ing from black holes and finishing with ordinary stars and supernovas in wide range 
of masses. So the non-accretion mechanism of accumulation of mass in frame of NIC 
is common for many cosmic objects and the same time is free of mass limitation’s 
conditions mentioned above. 

Returning to (816), note that the experimental confirmation of Higgs’ boson (830) 
became a “indispensable award of Nature” not only for terrestrial physics, but also for 
cosmology in general. The extraordinary mission of the Higgs boson in cosmology 
might guarantee additional increase of the total mass of self-gravitating configuration 
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about 50% against (816). Awarding such a “gift from the terrestrial physics”, we confi- 
dently constructed the CNS, the essence of which completely adapted with dominance 
of Higgs’ boson. Combining these two hypotheses with multi-photon processes, the 
CNS has been disclosed. For the assessments of time and length interval within NCS 
have been found values, which excess the Planck’s scales about 10 17 times. The NCS 
time-scale about 10 26 sec is nearly same order as the experimentally verified dura- 
tion of several ground-based phenomena, for example the relaxation time in nuclear 
spins’ system. Similarly, the length-size in order of 10 l6 cm is reasonably available for 
up-range concentrations in nuclear processes. Finally, the definition of the “physical 
temperature” in the scope of NCS, based on dynamical equilibrium between particles 
and Photons, offer following estimation: 


Treal = (M Higgs c 2 /6) /2.82k B = 0.85 • 10 14 ^° 


This major result of NIC confirms the author’s initial astrophysical assumption 
about reality of Bose-condensate in the early Universe. 


4. Enhancement of Ambartsumian’s Prediction about Proto-Matter in Non- 
Inflationary Cosmology 

As an exceptional quality of physical intuition, it must be mentioned the Ambartsum- 
ian’s brilliant prediction about dense and massive proto-matter, which might be the 
progenitor of galaxies, as well as massive stars. This revolutionary a’priori idea gave 
fresh impulse to the further development of our new hypothesis about realization of 
Bose-condensate in the earliest Universe. This brave theoretical idea about extraordi- 
nary state of matter in the Universe - Bose-condensate - leads the theory towards the 
further ideas for galaxies’ and massive star's’ formation mechanism, ensuring the mass 
of astrophysical objects free of above mentioned limitation. Especially, the NIC is 
fully exempted from the requirements of the Chandrasekhar’s condition on star's’ mass 
(1.4-1. 8Mq for usual equations of state, and 2.2-2.5 Mq) for “quark-gluon core”). 
While the mechanism of massive stars’ formation, having IO-IOOMq, is considered 
to be result of the gravitational accretion (see paragraph 3), in scope of NIC they 
could be formed by the quite simple mechanism as a direct consequence of 2nd or 
next sequences of CSB. Note, that the theoretical prediction of the formation, origin, 
evolution and age of stars with masses in the range 1 0-1 00 Mq is in good accordance 
with (837). As a promising approach to the non-accretion mechanism of galaxy’s and 
star’s generation and estimation of their astrophysical parameters, here one mention 
about good coincidence of theoretical predictions of NIC (823) with observational data 
(832; 833; 834; 835; 836)), concerning the correlations between the masses of central 
black hole of galaxy and its’ stellar disk. The next advantage of NIC: if based on the 
Planck’s scales the total energy as a consequence of CSB has been assessed in order of 
10 77 erg (822) (it is overestimated theoretical value, compared with observational data), 
then within NCS the value of this entity decreases till 10 6 °-10 61 erg (829) and approves 
Ambartsumian’s prediction about energetic activities of galaxies (815). 
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5. Induced Gravitational Collapse as a New Mechanism of the Generation of 

Super-massive Black Holes 

Time-duration of CSB phenomenon, i.e. time-duration of the phase transition from 
the initial Bose-Einstein statistics (BES) to Fermi-Dirac statistics (FDS) is the ma- 
jor original issue, proposed and formulated earlier as a physical main problem (816), 
which has large range of astrophysical consequences in accordance with already ad- 
vanced investigations. It is obvious that the straight consequence of CSB might be the 
SSW, playing role of enforced physical mechanism, accelerating the process of self- 
gravitational collapse (“ Induced Gravitational Collapse”), stipulating the generation of 
super-massive black-holes (SMBH) in the core of galaxies. In comparison with models 
of MoC, the formation of SMBH at the center of the galaxy with masses in the range of 
10 6 * * * - 10 10 Mq in scope of new theoretical model of NIC found as obvious, as attractive 
physical explanation. Generated by this mechanism SMBH is quite rare and unique 
“reservoir”, in which really might exist extraordinary bi-component Bose-condensate, 
consisted of massless photons and bosons with non-zero mass. This heterogeneous 
Bose-condensate may guarantee significant contribution due to his vast store of energy. 
Note, that initial qualitative study of theoretical possibility of mentioned phenomenon 
already has been done in 2011 (826), but more detailed quantitative investigation will 
be done in the future based on the additional research of NCS (829) physical and astro- 
physical other consequences. 

It is obvious that the CSB phenomenon might be multi-cascade, then its 2nd and/or 
next loops of explosions might guarantee the formation of spiral galaxies. As it was 
mentioned in paragraph 4, the initial simplest modeling of the galaxy’s structure makes 
possible to compare the theoretical estimations of mass correlations between the galax- 
ies’ nuclei and their surrounding discs (or bulges), gained from the NIC, with data of 
same observed parameters. The next achievement of NIC is the alternative idea about 
galaxy rotation mechanism, which might appeal - due to the following scenario. The 
monotone self-gravitating might be continued as long as the concentration of Bose- 
condensate yet not reached some critical value. Above this critical value the destruc- 
tion of the configuration from Bose-condensate would occur, and emergence of Pauli 
principle would initiate sharp increase of pressure. As a direct consequence of this phe- 
nomenon the rotation momentum could occur due to the deviation from the initial spher- 
ical symmetry. Besides the gravitational self-compression of primary Bose-condensate 
the CSB would create SSW, which might be able to change the spherical-symmetry 
of self-gravitating, initiating the emergence of rotating momentum of configuration. 
The first qualitative comparison of NIC predictions with observational data guarantees 
sufficient good fittings of appropriate parameters. The NIC provides quite promising 
coincides with other observational data too. The theoretical scenario of the new model 
in NIC eventually makes available the generation of GR as well. 


6. Non-Stationarity and Gravitational Radiation of Large-Scale Structures 

The comparison of 1st results of non- stationary phenomena in the scope of NIC with 

observations here briefly presented based on Ambartsumian’s statements about fast 

transient phenomena and non-stationary objects, some characteristics of cluster mem- 
bers’ star's, as well as about flare star's (815). Below selected in 3 groups major state- 

ments of Ambartsumian’s original ideas, which might be alternatively illustrated and 
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clarified in scope of NIC. 1. The planetary nebula has been generated of material 
ejected from the star. 2. During flares new stars eject gas expanding shells, which 
can be seen around these stars for decades, as a small nebula, and then dispersed into 
the surrounding space. Now it became clear that much more solid, more long-lived 
and well-known planetary nebula was also generated by individual stars. The lifetime 
of planetary nebulae has been estimated at about 10 4 - 10 5 years. 3. The clusters of 
stars do not occur by independent of one another stars of general stellar field of the 
Galaxy, but rather being destroyed, they become a source of feeding the common field. 
It became also clear that the stars of each cluster were appeared together and have a 
common origin. 

Using both dynamics and kinematics of original phenomena CSB and SSW, here 
we presenting new view for further understanding of these observational facts. If gen- 
eration of planetary nebula might be realized due to generations of “secondary CSB” 
(“daughter-explosions”), following the main CSB, it will be promising to discuss the 
possibility of generation of planetary nebula even before or at least parallel with the 
formation of stars. This assumption is supported also by the estimation of the lifetime 
of planetary nebulae, obtained from observations, which arc shedding light on the pos- 
sible dynamics of SSW in the model of “multistage CSB”. The conclusions about open 
clusters of stars require challenging effort in constructing of an appropriate theoretical 
model, where the hierarchical symmetry of the main CSB, as well as a' priori predic- 
tions about the possible deviation of "daughter CSB" from the initial spheric-symmetry 
can be accepted as a basis for further research in this area. 

The non-stationary phenomenon indicates the possibility of GR not only by the 
single objects or system of two compact objects (814), but, in principle, by the large- 
scale structures too, for example by the galaxy as a whole, first of all by the black hole in 
its’ core. Really, acting together the CSB and SSW phenomena might be able to realize 
the rotation of galaxies, based on which one may assess the quadruple momentum of 
galaxy’s central SMBH (comparing with observational data) and calculate frequencies 
of GR. It turns out that the frequencies of GR entirely differ from GR of binary systems, 
observed recently. More than the frequencies of GR in our model disclosed in two 
extremely different bounds, specified by the astrophysical parameters of CSB and SSW. 
Note, that NIC has succeeded in discovery of the GR in the substantially different band 
of frequencies, especially in the long-wave and short-wave limits. So any observation 
of GR by the SMBH in the galaxy’s core, as well as the GR by the disk of galaxy would 
accept as an essential advantage in understanding both cosmological and large scale 
astrophysical phenomena. Regarding the possibility of GR of galaxy’s disk note that 
it must be done based on observational data and numerical calculations of simplified 
theoretical models, combining the results of observational data (832; 833; 834; 835; 
836; 838; 831)) with theoretical predictions of our theory of NIC (816; 822; 823; 824). 
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Abstract. The evolution and structure of magnetic fields in galactic and intergalactic 
spaces have been the subject of many studies. Magnetic fields are an important part of 
the universe which are connected strongly with the distribution of matter. These fields 
play a crucial role in the evolution of structures in the universe, star formation and 
cosmic ray propagation. Anisotropy/Isotropy studies of ultra high energy cosmic rays 
provide information about magnetic fields out of the Galaxy. To study the propagation 
of these particles a knowledge of galactic and extragalactic magnetic fields is essential. 
Here we have studied the Anisotropy/Isotropy of high energy cosmic rays within the 
Galaxy under the influence of different turbulent regimes. A corrected sky in cosmic 
ray view were presented, as what one may observe out of the Galaxy. 


1. Introduction 

The study of Magnetic Fields (MFs) has an old history in the literature. Magnetic field 

is probably the first “field” which its strength was evaluated by the man. Now, it is 
believed that MFs are presented everywhere in the universe; in a classic view wherever 

the matter exist; and in a more fundamental look, as the Electromagnetic force, one of 

the four fundamental forces in the universe. In fact, MFs is believed to be generated 

during inflation, the electroweak’s and quark-hadron phase transitions (883). But, for 

the Galactic Magnetic Fields (GMF), it is believed that GMF arc originated in dynamo 

like processes (878; 843; 866; 873; 847; 854; 855). 

Under the influence of Galactic and Intergalactic Magnetic Fields (GMF and IGMF), 

Ultra High Energy Cosmic Rays (UHECR), deflect. Though, within the Inter-Cluster 

Medium (ICM) the strength of these magnetic fields arc suggested to be of order of 

~ I O ' 7 Gauss (865), large distances from the sources may provide high degrees of 

deflections in straight line paths of these particles (850; 851; 852); for instance, a 

CR proton of 10 1 * * * * * * * * * * * * * * * * 18 eU has a gyro-radius of 1 kpc under the influence of a typical MF 

(i.e. Ip Gauss). Lower strengths of MFs highly increase the gyro-radius; for example 

50 Mpc for a 50 eV proton in a nano - Gauss field. In Galaxy Clusters (GC), MF 

strengths have higher orders, ~ p Gauss, (880) and Higher field strengths were also 
reported in ICM and within the superclusters (853; 881; 882). 

So, how much isotropic is the UHECR’s flux? At the largest scales and the high- 
est energies, one probably does not expect an anisotropic flux of CR. Indeed, due to 
standard cosmological model one may expect to observe an isotropic sky in a “ Cosmic 
Ray’s View”. 
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Never the less, this treatment is challenging, as “ The Highest Energies of CR ” and 
“The Largest Scales ” in a “ Cosmic Ray ’s View ” are all ambiguous. 

The situation may be resolved considering the scale of “Isotropy”, as it is defined 
by cosmological principle. Recently, in some researches, the scale of isotropy is defined 
for the observed matter distribution. For example, a value of R lso ~ 150/i -1 Mpc was 
reported by Marinoni, et ah, (871). A distance which is obviously much higher than 
the possible distance of a source energy loss of UHE particles due to GZK mechanism 
(860; 885). 

2. Magnetic Field Structure 

The first step of modeling the MFs, is to define the strength and structure of MFs. To 
do this, one should consider different scales. Typically in a simple view the magnetic 
regions arc divided to at least two regions: Galactic (G) and Extragalactic (EG). Of 
course, depending on the adopted model, even more divisions arc possible (i.e., for 
cluster of galaxies, superclusters, filaments, voids, etc.). 

Different probes arc used to estimate the strengths and structure of G and EG 
MFs. These probes arc all based on the interactions of radiation with magnetic fields 
and matter. For example, synchrotron emission, polarization of starlight (874; 869; 
884; 859; 857), Faraday rotation (872; 867; 877), Zeeman effect (864; 856), and the 
Degrees of polarization arc amongst these probes. 

The strength of magnetic fields is varied in different types of galaxies. For in- 
stance, the total fields in starburst galaxies have the highest strengths between 50 - 
1 00 p Gauss (841; 849; 863; 845). In comparison, radio faint galaxies have weaker 
MFs, ~ 6 p Gauss (846). 

Faraday rotation measure of Galactic pulsars and extragalactic sources reveal reg- 
ular and turbulent (or random) behavior of galactic magnetic field (844). Within our 
Galaxy, these two components have the same order (i.e. of a few p Gauss). Though 
there arc less information about magnetic fields in Galactic halo, the magnetic field 
strengths of halo were reported around ~ 2 - 3 p Gauss (879; 870; 861). As it is 
expected, the observation shows that the magnetic fields strengths arc stronger in the 
Galactic disk and Galactic center and the magnetic field lines follow the distribution of 
matter within the Galaxy. 

In a total view, the main differences of G and EG magnetic fields maybe summa- 
rized as follow: p Gauss GMF strengths against 1 - 100 nano Gauss EGMF strengths 
and 100 pc - few kpc GMF correlation lengths, L c , against Mpc EGMF correlation 
lengths. The value of magnetic field strength in the Sun’s vicinity is B reg - 2 p Gauss 
which points to € - 80°. 

Magnetic fields in spiral galaxies arc often expressed in cylindrical coordinates 
( 9,r,z ), in which By is dominated in the Galactic disk and B, and B z , are generally 
weak. As an spiral galaxy, in this model the MF of Milky way is considered to have an 
Axi-Symmetric (ASS) structure in Galactic disk with no change in orientation of field 
(843) with an odd symmetry (ASS-A). For the ASS model the definition of Harari, et 
al., (862) were used. For the dependence on z. 


B = Boe 3 ™ 


( 1 ) 


is used. Bo is oriented at z direction and the central GMF is 6.4 p Gauss (850). 
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Figure 1. A map of Galactic Magnetic field; polarizedS light emitted by interstel- 
lar dust in the Milky Way (875). 


To study the deflection of UHECR, it is usually useful to consider a diffusion 
tensor as: 


Kij = K±6ij + (K n - K ± )BjBj (2) 

where B = B\|B| and K\\ and K ± are CR diffusivities along and across the mean 
MF (858). 

In this simulation, the motion of test particles (858; 848; 876) is followed in a 
magnetic field B as: 


B — B m + b (3) 

in which the mean field B,„ is the sum of regular components of MFs and b repre- 
sents the fluctuations. 

The turbulence level is parameterized with: 


n = 



(4) 


where b w 2 = (b 2 ). 

The random component is considered to have a Kolmogorov type power spectrum 


( for one dimension a = | 

(5) 

k = wave number =f(or =f , where L is Eddy S ize ) 

In this field the square of distance (from the source) is proportional to the time 
path of particles, d 2 = 2K\\t (850). 
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3. Study of UHECR Anisotropy 

To study the Anisotropy of UHECR, a sphere with the radius of 100 Mpc (i.e. the 
considered value for the dimension of our Galaxy with a giant halo). Then the deviation 
from isotropy was studied using: 


6{a,6)i 


N{a,S)i-(N){a,S)i 

(N)(a,6)i 


( 6 ) 


The sky was divided to equal bins of (a, <5),-, in which a stands for the Galactic 
right ascension and 8 is the Galactic declination. Each bin had the same size of (5°, 5°) 
to have a normalized flux of extragalactic CR. An initially isotropic flux of CR particles 
(i.e. protons) is defined as a flux at which, equal numbers of particles entering each bin 
in radial direction downward to center of sphere. So, if the radius of this sphere goes 
to zero, the flux is completely isotropic. No particle exist in other directions (except 
radial) on the surface of the sphere. The primary flux was considered to be a value of 
100 particles per (, bin.s ): 


(N)(a,5)i =100 (7) 

Then 100 particles for each bin were ejected to this turbulent magnetic field and 
their deflection from their initial radial directions up to the center were calculated. The 
step size of 3D-Random Walk Propagation were considered to has the same value of 
L c . So we considered the cells of orders of 100 pc in halo and 50 pc in Galactic disk 
(868). 

Under these assumptions, the number of particles after deflection were counted 
in each bin, N(a, 8)u and the values of deviation from Isotropy calculated for each 
(formula 7). The Astropy package (842) were used to evaluate the number of particles 
for the observer out of Galactic center (i.e. at the Sun). 

Test particles were of energies of 10 4 * * * * * * * * * * * * * * 19 - 10 10 eV and 10 2() - I0 2I <?V. 


4 . The Results 

It is obvious that, considering an extragalactic origin above 10 18 eU, the homogeneity 

and isotropy of CR particles is distorted under the influence of turbulent magnetic Field 

of the Galaxy. In fact, for an isotropic EG flux of UHECR the possible clustering in the 

direction of UHE events is possibly due to GMF and the value of rj highly affects this 

picture. At the highest energies (i.e. 10 19 - 10 20 and above) less anisotropy induced by 

GMF. Though at these ranges the EGMF and the position of possible sources also may 

result in a highly anisotropic sky. 

The results of this simulation are shown, for particles of 10 18 - 10 I9 <?V, in figures 

All the figures were corrected for Galactic (/, b), using python packages (842). In 

figure 3 the correlation length, L c , were considered to have a fixed averaged value. 

A total view of northern sky of the Inner Galaxy is shown in figures 3 & 4. 

Here it should be noted that, the result of simulation at energy ranges of 10 18 - 

lO l9 eV was very sensitive to the considered values of parameters, specially, L c . At 

higher energies, though the deviation form isotropy was observed but changing the pa- 

rameters of model did not affect the results. Indeed, in 10 18 - 10 19 eV the deflections 

in some regions were obvious and it is suggested that in these transient energies (from 
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Inner Galaxy, Southern Hemisphere 



l (degrees) 


Figure 2. The figure shows the deflection form isotropy using formula 6. For 
simplicity the results are multiplied by 100. Because of high turbulent adopted near 
the Galactic plane the deviation has the most value. 


Galactic to Extragalactic sources), some Galactic sources are still possible to be re- 
sponsible of particle accelerating. In fact through a detailed analysis few millisecond 
pulsars were reported for more studies. Those for which it was possible to correlate 
their Galactic directions with the direction of high energy events (852). 
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Figure 3. A total view of northern sky of the Inner Galaxy. 
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Figure 4. A total view of northern sky of the Inner Galaxy 
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Abstract. The effect of a Burgers vortex on formation of planetesimals in a proto- 
planetary disc in local approach is considered. It is shown that there is not any circular 
orbit for rigid particles in centrifugal balance; only stable position in Burgers vortex 
under the influence of centrifugal, Coriolis, pressure gradient and Stokes drag forces 
is the center of vortex. The two-dimensional anticyclonic Burgers vortex with homo- 
geneously rotating kernel and a converging radial stream of substance can effectively 
accumulate in its nuclear area the meter- sized rigid particles of total mass ~ 1 0 2x g for 
characteristic time ~10 6 yr. 


1. Introduction 

The radial dependence of infra-red, sub mm and cm radiation of protoplanetary disks 
analyses show that vortices serve as incubators for growth dust particles and forma- 
tion of planetesimals (897). Formation of planetesimals from micron size dust grains 
possibly, involves many physical processes (908). It is accepted that growth of parti- 
cles in dusty circumstellar discs is hierarchical (890; 891). The initial stage of growth 
probably proceeds through the nucleation of sub-micron-sized dust grains from the pri- 
mordial nebula, which then forms the monomers of fractal dust aggregates up to ~ 
1mm to ~ 10cm for characteristic time of an order of 10 3 years. The further growth 
of particles by this mechanism is stopped by collisional destruction process (892; 909). 
In this stage the dynamics of particles and coagulation arc regulated by van der Waals 
forces and the Brownian motion. The best astrophysical evidence for grain growth to 
specified sizes is the detection of 3.5 cm dust emission from the face-on disk of radius 
225 AU round classical T Tauri star TW Hya (age ~ 5-10 Myr), located 56 pc away 
(907). When the planetesimals reached a size of about 1 km, they began to attract other 
smaller bodies due to their gravity. 

In standard models of protoplanetary disks, gas pressure decreases along radius. 
Gas in a disk practically moves on sub-Keplerian speeds. Rigid particles, under the 
action of a head wind drags, lose the angular momentum and energy. As a result, the 
~10 cm to meter-sized particles drift to the central star for hundreds of years, that is, 
much less than the lifetime of a disk which makes several millions of years (889; 905). 

Long-lived vortical structures in gas disk are a possible way to concentrate the 
~10 cm to meter sized particles and to grow up them in planetesimal. Similar effect 
of vortices on the Earth observed in special laboratories, and also in the ocean. For 
example, the oceanic vortices trap larval fish off the coast of Western Australia (901). 
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In some areas of the stratified protoplanetary disks the current has 2D-turbulent 
character. An attractive feature of such hydrodynamic current consists in the fact that 
in it, through a background of small whirlpools, long-living vortices will spontaneously 
be formed without requirement of special initial conditions (893; 906; 904). In labo- 
ratory experiments (900), formation of Burgers vortex which will be considered in the 
present work is often observed in 2D-turbulent flows. If protoplanetary disks are ca- 
pable of producing 2D-turbulent flow, they can form long-living large-scale vortices 
which in due course lives up to an order of hundred orbital periods. Anticyclonic vor- 
tices in a protoplanetary disk merge with each other and amplify, while cyclonic ones 
are destroyed by a shear flow. 

In an anticyclone, rigid particles are grasped by force of Coriolis directed to the 
center of a vortex. If the vortex survives - 1 00 rotations in a nebulae with solar mass, 
the quantity of the grasped particles can reach masses of planets (several masses of the 
Earth). Existence of long-living vortices in the protoplanetary disk, drifting of external 
regions of a disk, allows accumulation of the mass necessary for formation of a kernel 
of a giant planet (899; 898). 



Figure 1. Rotational velocity profiles of Burgers and Rankin vortices. 

In the present work the Burgers vortex in a protoplanetary disc and its role in a 
problem of formation of plane tesimals will be considered. The vortex of Burgers in 
cylindrical system of co-ordinates (r, 0, z) is defined as 


Vr = -Ar, Vg = cor * [ 1 - exp(-r 2 /r 2 )]/r, V z = 2A Z ( 1 ) 


This represents a vortex with a converging stream of substance to its center where 
A characterizes a converging stream, and u> and ro - circulation and the size of a trunk 
of a vortex. Rotation in the field of a vortex trunk is almost rigid-state and on the 
big distances a profile of rotational speed falls down under the hyperbolic law (Fig. 
1). The asymptotic behavior of Burgers vortex in small and big distances from the 
vortex center represents the Rankin vortex (886; 888). The maximum rotational speed 
in Burgers vortex is equal 0.638mro which is reached at r/ro =1.121. At distance r e ff = 
4.5/‘o, rotational speed makes one-third of the maximum value. Conditionally we will 
name this distance “effective radius” of Burgers vortex. 
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2. The Magnitude of Some Parameters of a Disk 


We consider the Burgers vortex in viscous axially-symmetrical accretion disk with ef- 
fective temperature T, gas volume density p, of almost Keplerian rotation. The sound 
speed in gas is estimated by the formula 


c s = ^ykT/ni// « (yT /\QQK) l/2 km/s (2) 

where y - 1.4 the gas adiabatic index, k - Boltzmann constant, mu - hydrogen 
atom mass. 

In a vertical direction, the gas is in hydrostatic balance with a characteristic scale 
height 
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The superficial density of the gas in a disk can be estimated as 2 ~ 2H p. 

In a - model of accretion disk (903), the expense of gas occurs with a speed dm/dt 
= 37rv'X . where v - kinematic viscosity of gas - v — ac s H. 

The characteristic dynamic time scale of a disk is: 
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For Keplerian disk, radial momentum equation solution yields to a difference be- 
tween the speeds of rigid particles and surrounding gas (902). In a thin gas disk (c. v «:Q 
R), rigid particles drift relative to gas with a speed 
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(5) 


At c v ^ 1 km/s, typical drift speed is of order 30 m/s. The characteristic scale of 
drift time (889; 905) almost by two orders surpasses dynamic time r 


r d - r/AV - ( R/A.E.)lQryr . (6) 

Dust settled on a midplane of a disk for a characteristic time (895) and character- 
istic time between collisions of rigid particles among themselves arc estimated as 


T s I ',/aQ.p* and t co j ^ Dp*/Z*Q, (7) 

where p* is the mass density of a particle, D is the diameter of a particle, E* is 
the superficial density of rigid particles in a disk which is more than by two orders less 
than a disk I. For metre-size rigid particles, this time is of an order of -- 5yr. Therefore 
for creation of rigid particles with the sizes significantly surpassing the meter size, it 
is necessary to provide an environment with high concentration of particles in rather 
small regions. Such environment is provided by vortices. 

Particles in a vortex arc exposed to actions of centrifugal, Coriolis, drag forces, 
and in a smaller measure, to gradient forces of pressure. If centrifugal force deletes 
a particle from the vortex centre, drag and Coriolis forces in an anticyclonic Burgers 
vortex arc directed to its centre. Acceleration of a rigid particle is directed to the vortex 
centre if the vortex angular - speed a> — \66!5t\ at a small friction is less than 2D, 
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co < 2Q, (8) 

- a condition which is always carried out in practice. 

Viscous dissipation and orbital shear limit the sizes of a vortex. Viscous dissipation 
destroys vortices of sizes less than viscous scale (898) 
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where vg - rotational speed of a vortex. 

The Keplerian shear flow forbids formation of circular structures with the sizes 
larger than shear length scale (896), 
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( 10 ) 


The vortices, whose sizes surpass L s / iear , arc extended in an azimuthal direction 
that allows them to survive longer. In (887) we have shown the possibility of formation 
in a disk extended in an azimuthal direction three-axis ellipsoidal vortex, with a linear 
field of circulation, similar to Riemann S ellipsoids (894). However, note that in a disk 
round the central star of solar mass, at distance 30 AU, the vortex of characteristic speed 
of rotation 0.01c.,, can be circular and have the size of an order — ■ 1AU. 

In a gas disk, drag force on rigid particles from gas is exposed, which, depending 
on size of a particle, is expressed either by Stokes, or Epstein’s formula (see, for exam- 
ple, Inaba et al. (899). If the sizes D particles are small in comparison with gas mean 
free path, such particles are exposed to the Epstein drag force: 


F = — X*(v - u), 
p*D 


( 11 ) 


where v - velocity of gas, u - velocity of rigid particle. Particles of the big sizes 
are exposed to the Stokes drag force (see (15)). 


3. The Burgers Vortex in Local Frame of Reference 

Let’s use local approach, choosing frame of reference, rotating with a disk with angular 
speed Ho at distance Ro round the central star of mass M. In this approach, assuming the 
sizes of a vortex arc much smaller than the distance Ro, we will choose Cartesian system 
of co-ordinates with center O (Fig. 2), directing the Y axis to a star, and the X axis in 
direction of Keplerian flow of gas. We will present the disk rotation as Q(R) x R_ q . In 
case when only the gravitation of the central star operates, rotation will be Keplerian 
with q = 3/2, and for homogeneously rotating disk q = 2, i.e. 2 > q > 3/2. 

In the chosen system of reference, the substance stream has X component of speed 
-iqQoy, centrifugal force is compensated by radial component of gravitation of the cen- 
tral star at distance Ro, in other points their sum gives the tidal force j3D ( 2 ( y. The vertical 
component of gravitation -fi?z is returning force along axis Z. 

At first we will consider a gas disk round the central body. In local approach, the 
equation stationary isentropic shear flow of gas taking into account viscosity will be 
described by Navier-Stokes and continuity equations 
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Figure 2. Local frame of reference. 


(vV)v = - kfl^y - 2£2q x v - V/? + vAv (12) 

V(pv) = 0, (13) 

where h - specific enthalpy (h = f p -1 dp), i, j and k - Cartesian orts. The first term in 
the right side of equation (12) is, as noted above, tidal acceleration in a plane of the 
disk, the second term is vertical component of gravitation, the third is acceleration of 
Coriolis, the last is a viscous stress. 

In the chosen Cartesian co-ordinate system the Burgers vortex will be presented in 
the form 


V x = -Ax - tor%y[l - exp(-r 2 /rfy/t 2 , V y = -Ay - a>r^x[ 1 - exp(-r 2 /rfy/r 1 , V z = 2 Az, 

(14) 

where r 2 = x 2 + y 1 . 

It is easy to check that solutions (14) satisfy to the continuity equation at dp/dt = 0 
- that is comprehensible in local approach. Substituting (14) in the equation (12), we 
will receive expression for specific enthalpy h(x,y,z). However we will not present the 
bulky expression for h(x,y,z). We will only describe spatial profiles of gradient forces 
61i/6x and 6h/6y in X,Y plane in anticyclonic Burgers vortex (fig. 3). 



Figure 3. Profile of pressure gradient force V h which in an anticyclonic Burgers 

vortex forces to rotate disc matter clockwise. 
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4 . The Dynamics of Rigid Particles in Burgers Vortex 

In the present work, we will be limited to studying two-dimensional dynamics of dust 
rigid particles in a Burgers vortex taking into account action pressure gradient force 
V h, tidal force, forces of Coriolis and a friction. Thus we will neglect the influence 
of rigid particles on dynamics of gas, and also the interaction of rigid particles among 
themselves. 

Let’s consider that the sizes of particles D considerably surpass the mean free path 
of molecules of gas, therefore we will describe the friction of rigid particles with gas 
by Stokes drag force 



Is 

I 

II 

(15) 

where 

p = 18 pv/p*D 2 , 

(16) 

u - velocity of a particle: 

u = ( dX/dt,dY/dt ), 

(17) 

X, Y - particle co-ordinates. 




The equation of motion of dust particles in the accepted approach looks like: 


du x /dt - 2Q.QU y fiiy x\\r=(x,y) Ux)bh I dX\ r ( v.v), (18) 

dlly/dt — V — 2Q,,(/ V — f3(y x \\r=(x,y) ~ )bh /()\'| r (x.y) • (19) 

It is convenient to present these equations in a dimensionless form. As characteris- 
tic length of a problem we will accept the size of a trunk of a vortex i'o, for characteristic 
time and speed - 1/Qq and floi'o respectively. Then the equations (18), (19) will become 


diix/dt — hiy + y (v_y||;-=(x,}i) Ux}bh/dx\\ r= ( x ,y)- (20) 

diiy/dt = 3 y - 2 u x + y (v^ r =( x ,y) ~ u y )6h/6y\\ r= ( x , y ). (21) 

where y - dimensionless parameter 

y = / S/flo - 18 pv/p*D 2 n Q - (22) 

Let’s consider at first the dynamics of particles in the vortex trunk (r 2 /r 2 < 1) 
where the profile of rotation of a vortex has uniform character. In a dimensionless form 

V x = -Ax - toy + 0(r 1 /r%), V y = -Ay + cox + 0{? /r g). (23) 


where A and co arc measured in units Qq. From (2) taking into account (13) it is 
found 


6h/6x = -(A 2 - or - 2 co )x - 2 A(w + l)y, (24) 

6h/6y = 2A(io + l)x - (3 + A 2 - oj 2 - 2 oj)y. (25) 

Substituting (23) - (25) in the equations (20) and (21), we will receive the equa- 
tions of motion of rigid particles in the field of a vortex trunk: 
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X 
Y 

Ux 
My. 

where 

a = A{A - y 

From these equations it is visible that equilibrium position of rigid particles in a 
vortex trunk is its centre X = Y = 0, where u T = u v = 0 and ii x = ii y = 0. Particles in 
considered area gradually come nearer to the centre of the vortex by helicoidal trajec- 
tories. 

For establishing the stability of this position of balance, it is necessary to require 
real parts of eigenvalues of a matrix (26) to be zero or negative. 

The matrix of factors (26) has complex eigenvalues of a kind 

Ai.2,3,4 = -y/2 + i ± y][a - 1 + y 2 /4{b-y)], (28) 

After allocation of real paid of (28), for stability we receive a condition 



0 

0 

1 
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0 

0 
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b 
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U x 


—b 

a 

-2 

-y. 


Uy 


(26) 


) - (oj + l) 2 + 1; b = 2 A(to + 1) - yto. 


(27) 


(i b - y) 2 + y 2 {a - 1) < 0, (29) 

at which centrifugal force is always less than the sum of drag and Coriolis forces, 
and the resultant force operating on a rigid particle, is directed to the vortex centre. 

From (29) the necessary condition of stability follows: a < 1, which taking into 
account (27), gives {to + l) 2 > A{A - y) that is satisfied for any positive values of A 
and y. The condition (29) with the account (27) leads to stability criterion 


y < A, (30) 

that taking into account (16), in a dimensional form, for viscosity v gives 

v > p*AD 2 /18p (31) 

Consider now the question whether there exists an anticyclonic orbit in the volume 
of Burgers vortex (1) on which the sum of Coriolis and drag forces is counterbalanced 
by centrifugal force, i.e. in local cylindrical system of co-ordinates 

yAr + 2uq = u 2 /r, or ( ug/r ) 2 - yA — 0. 

It represents the transcendental equation which in a dimensional form looks like 


[1 - exp{-r 2 /rl)]rl/r 2 - £, where B = [1 + yj( \ + /3A/D. 2 )]£lo/a>. (32) 

The equation (32) has real solutions for orbit radius only at B<1 (fig. 4), and r = 
0 at B = 1 . From expression B it is visible that B > 2Qq / to . This condition leads to the 
result B > 1. Hence, unique position of balance for rigid particles in a Burgers vortex is 
its centre where all particles captured by a vortex will gather during the characteristic 
time 
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Figure 4. On the solution of transcendental equation (32). 


r ^ u>r e ff/A yffiv- (33) 

The mass of the rigid particles captured by a vortex is an order 

M p = n? ef p, (34) 

which forms a planetesimal. 


5. The thickness of disk in nuclear area Burgers vortex 

So far we have considered behaviour of a whirlwind in a disk plane. However the 
whirlwind of Burgers is 3D formation. We will discuss now a question on a thickness 
of a disk in the area where the whirlwind of Burgers is located. For this putpose we will 
address to a z-projection of the Navier - Stokes equation (12). Integrating this equation 
taking into account the formula for speed v z , we will receive dependence enthalpy from 
z co-ordinate: 


h(z) = c 2 s0 - (4 A 2 + Og)z 2 / 2, (35) 

Where c v o is a sound speed at the vortex centre (enthalpy, ho = c^ () , at the center 
of vortex is estimated by Clapeyron equation), Do is angular speed of rotation of local 
frame of reference. Whence we obtain half-thickness of a disk at the kernel area of a 
whirlwind: 


zo = c s0 / -\J(2A 2 + Q§/2). (36) 

The thickness of Keplerian disk turns out from a condition of hydrostatic equilib- 
rium of gas, and is defined by the formula (3). The question arises, whether changed 
the disc thickness in area of vortex localization? 

On radius of Rq the half-thickness of Keplerian disk is equal 


Zk = c s o/2Q 0 - 


(37) 
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Relative thickening. 


Az 

ZK 



2V2 

^( 1 + 442 / 02 ) 


(38) 


is positive if 

A < 1.3Q 0 - (39) 

This condition is cai'ried out in all areas of a typical protoplanetary disk. So the 
disc in the area of localization of a whirlwind of Burgers, is thicker. 


6, Discussion 

Let’s estimate an order of magnitudes r and M /? for a model of a disk of radius 30AU 
and mass 0.5 M round a star of solar mass: M~M, also we will place the local frame 
of reference at distance Ro = 20 AU. This gives estimations Qq w 8 • 1 0 9 s 1 and I ^ 
1600 g/cm 2 . 

For a typical protoplanetary disk at distance Ro = 20AU. The vertical scale height 
is of order H « 10 8 km. For sound speed, then, we receive an estimation c s ~ HQ (I ~ 
0.8 km/s. 

Choosing different values for vortex parametres, it is possible to receive different 
results. For example, accepting the maximum speed of rotation of a vortex 0.01 km/s 
at distance i'o « 10 7 km from its center, and speed of a converging stream v,. = A-i'o ~ 
0.005 km/s, we will receive 


oj « 10 _9 s _1 ,A w 5 • 10 _10 s _1 . (40) 

The condition of stability of position of rigid particles in the center of a Burgers 
vortex for viscosity (31) is carried out with a large supply for protoplanetary disks. 
The matter is that the molecular viscosity of gas, estimated by the formula v ^ 4c v , in 
which A is the mean free path of molecules, c s is the speed of a sound, does not play 
an appreciable role in processes of a protoplanetary disk. Really, the mean free path is 
defined as A ^ 1/ncr, where n is the concentration of molecules of gas, cr is the section 
of their interaction. Concentration of molecules is equal in the central plane of a disk to 
n ^ Z/(2ni//H) «10 14 cm -3 . Taking interaction section close to the area of a molecule 
of hydrogen (cr ^ 10 16 cm 2 ), we will receive: A^ 20 cm, v ^ 10 6 cnr/s. Characteristic 
time of evolution of the disk is of the order of r = R 2 /v, that makes ^ 1 0 1 3 y rs , which is 
10 6 times more than the observable time of disk evolution. 

For this reason, the ‘a - disk’ (903) model is used to describe accretion disks, 
in which turbulent viscosity is represented by the expression v ^crc v H ~ <rH 2 fl 0 . the 
dimensionless parameter a is considered as constant value of an order a 10~ 2 . The 
scale of viscous length thus makes L v w 10 6 km, so Burgers vortex of big sizes cannot 
be destroyed by viscosity. Keplerian shear length makes T shear ~ 6-10 9 km. Hence, 
vortices with the sizes r e ff< T shear can have circular form. 

Taking into account that p*/p ~ 10 10 in a midplane of a disk, using in (33) also the 
average value for viscosity from stability condition (31), we will receive the following 
estimations: 


M p » 10 28 g; r - 3 • 10 6 {m/D)yrs 


(41) 
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So, during an order of ^ 10 6 yrs, for meter-sized rigid particles, in the vortex trunk 
the mass amount comparable with mass of Venus accumulates. 


7, Conclusion 

From stated above it follows that the formation of planetesimals by means of an anticy- 
clonic Burgers vortex is effective enough. Operating on rigid particle in such a vortex 
force of Coriolis, Stokes drag force and pressure gradient force are directed to its cen- 
ter. There is not any circular orbit in centrifugal balance in Burgers vortex in local 
approach. Only stable position for rigid particle is the vortex center. 

Our estimations for a typical protoplanetary disc show that the two-dimensional 
anticyclonic Burgers vortex with homongeneously rotating kernel and a converging 
radial stream of substance can effectively accumulate in its nuclear area meter- sized 
rigid particles of total mass ~ 10 28 g (or more) for characteristic time ~ 10 6 yr. 


References 

Abrahamyan, M. G. 2008, Astrophysics, 51, 163 

Abrahamyan, M. G. 2016, Astrophysics, 59, 265 

Abrahamyan, M. G., & Matveenko, L. I. 2012, Astrophysics, 55, 397 

Adachi, I., Hayashi, C., & Nakazawa, K. 1976, Progress of Theoretical Physics, 56, 1756 

Armitage, P. J. 2007, ApJ, 665, 1381 

Armitage, P. J. 2010, Astrophysics of Planet Formation, by Philip J. Armitage, pp. 294. ISBN 
978-0-521-88745-8 (hardback). Cambridge, UK: Cambridge University Press, 2010., 
294 

Blum, J., & Wurm, G. 2008, ARA&A, 46, 21 

Carnevale, G. F., Young, W. R., McWilliams, J. C., Weiss, J. B., & Pomeau, Y. 1991, Physical 
Review Letters, 66, 2735 

Chandrasekhar, S. 1969, The Silliman Foundation Lectures, New Haven: Yale University Press, 
1969, 

Chiang, E. I., & Goldreich, P. 1997, ApJ, 490, 368 
Godon, R, & Livio, M. 2000, ApJ, 537, 396 
Heng, K„ & Kenyon, S. J. 2010, MNRAS, 408, 1476 
Inaba, S., & Barge, P. 2006, ApJ, 649, 415 

Inaba, S., Barge, R, Daniel, E„ & Guillard, H. 2005, A&A, 431, 365 
Lazaro, B. J., & Lasheras, J. C. 1992, Journal of Fluid Mechanics, 235, 179 
Paty, C., Paterson, W., & Winglee, R. 2008, Journal of Geophysical Research (Space Physics), 
113, A06211 

Pringle, J. E. 1981, ARA&A, 19, 137 

Shakura, N. I., & Sunyaev, R. A. 1973, A&A, 24, 337 

Tabeling, P. 2002, , 362, 1 

Weidenschilling, S. J. 1977, MNRAS, 180, 57 

Weiss, J. B„ & McWilliams, J. C. 1993, Physics of Fluids A, 5, 608 

Wilner, D. J., D’Alessio, R, Calvet, N„ Claussen, M. J., & Hartmann, L. 2005, ApJ, 626, L109 
Youdin, A. N. 2010, EAS Publications Series, 41, 187 

Zsom, A., Ormel, C. W„ Guttler, C., Blum, J., & Dullemond, C. P. 2010, A&A, 513, A57 



Non-Stable Universe: Energetic Resources, Activity Phenomena and Evolutionary Processes 
ASP Conference Series, Vol. 

A. M. Mickaelian, H. A. Harutyunian, and E. H. Nikoghosyan, eds. 

©2017 Astronomical Society of the Pacific 


On the Formation and Amplification of Magnetic Fields in the 
Central Part of Active Galaxies 


Ruben R. Andreasyan 

Byurakan Astrophysical Observatory, Byurakan, Aragatzotn Province, 
Armenia; randrasy@bao.sci . am 

Abstract. We suggest a mechanism of formation and amplification of magnetic 
fields in the central fast rotating region of active galaxies, when exists an outflow or 
inflow of ionized matter from or on the central part. Because of the large differences 
between the time of scattering of electrons and protons of expanding or collapsing mat- 
ter with the particles of rotating medium, in every point of rotating medium the rotation 
velocity of scattered electrons and protons will be different and correspond to the ro- 
tation velocity of their last scattering point. In the result of this difference are forming 
circular electric currents in the central part of Active galaxies, and forms dipolar mag- 
netic fields. If the process of outflow or inflow continues sufficiently long time the 
equipartition of magnetic and rotational energy of the central part of the galaxy will be 
reached. Observed large amount of fast rotating matter in the central region and the 
existence of outflow or inflow of plasma in active galaxies provide a good condition for 
the working of suggested mechanism. 


1. Introduction 

It is well known that the manifestation of activity in cosmic objects is associated in most 
cases with the presence in them of magnetic fields having different scales, natures, and 
strength (928; 929; 911). 

The problem of the formation and amplification of cosmic magnetic fields still 
remains incompletely studied. In early works it was assumed that the presently ob- 
served magnetic field in a cosmic object is the remnant of a relict magnetic field (920). 
In (927; 925) the origin of the magnetic moments of stars, planets and galaxies is ex- 
plained by the conservation of the magnetic moment of super heavy hadrons, as a result 
of decay of which those objects arc formed. As was shown in (928; 929), for exam- 
ple, a dynamo mechanism operates in the turbulent plasma that amplifies weak seed 
magnetic fields. As a result of this process, a poloidal or toroidal magnetic field can be 
formed, depending on the type of turbulence and the large-scale motion of the cosmic 
plasma. The seed magnetic fields may be formed in the early universe (919; 926; 921) 
or in stars (924) due to microscopic thermal or inertial battery effects in the gas (the 
Biermann effect, (913)). In (922) this effect was used to obtain poloidal magnetic fields 
in the region of a galactic nucleus, in which a toroidal gas disc was assumed to exist. 

In the present paper we consider the possibility that a large-scale dipole magnetic 
field is formed in a rotating, partially ionized gaseous medium of spherical shape, from 
the central paid of which highly ionized plasma is escaped. Such a model probably can 
be applied to the nuclei of active galaxies, and quasars, in which, both rapid rotation of 
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the central part and the presence of a large amount of high-temperature gas outflow are 
observed (917; 912; 930; 914; 916; 915; 918; 923). 


2. Model of the formation of dipole fields 

We assume that there is a sphere of radius R filled with partially ionized hydrogen with 
a density N(r). The sphere rotates as a rigid body with an angular velocity Q about an 
axis passing through the center of the sphere. Ionized gas (hydrogen) flows out from 
the center of the sphere at the velocity V with outflow rate dM/dt = A g/sec. With the 
departing from the center, the outflowing plasma (being entrained by the rotation of 
the surrounding matter) acquires a greater linear rotational velocity proportionally to 
the distance r from the center. At each point of the medium, however, particles of the 
escaping gas will have a lower rotational velocity than the medium. This is because 
particles of the escaping matter do not immediately acquire the rotational velocity of 
the medium, but are delayed by the time r of a collision of an injected particle with the 
medium (see Fig. 1). 



Figure 1 . A scheme showing that particles of the escaping matter do not immedi- 
ately acquire the rotational velocity of the medium, but are delayed by the time r of 
a collision of an injected particle with the medium. 

The rotational velocity u of escaping particles will be 

u — Q(r — Vt) (1) 

where V is the particle injection velocity. The collision time r is given by the 
equation (910) 


r = m 2 V 3 / \6n e 4 N(r ) In A (2) 

In Eq.(2) m and V arc the mass and velocity of an injected particle, N(r) is the den- 
sity of particles in the medium, and In 4 is the Coulomb logarithm, the value of which is 
about 20 in the case under consideration. From Eq. (2) for electrons and protons it fol- 
lows that r e «T p because of the large mass difference. Electrons are therefore entrained 
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by the rotation of the surrounding matter faster than protons arc. We can therefore 
assume that electrons at a point r and a time t have a higher rotational velocity than 
protons. For the dilference between the rotational velocities of electron and protons 
from Eq. (1) we obtain 


A u(r) = u e - Up = FIV{t p - r e ) w FIVt p (3) 

and although n e =n p =n at each point (n is the concentration of the outflowing mat- 
ter) a circular electric current A u(r)en and a dipole magnetic field are formed. Using 
the equation M=e[ru]/2c for the dipole moment of electron rotating at a velocity u, for 
the magnetic moment M in the above model we obtain 

M = (c/2 c) n(r)[rAu(r)]dv (4) 

The integration in (4) is carried out over the entire volume of the sphere. For the 
integration we have functions A u(r) and n(r). The outflow velocity V also varies with 
distance r from the center, although under the conditions of our model, its variation is 
on the order of 0.1 Vo, so the outflow velocity can be considered to be constant. As 
T e «T p we can consider r e = 0. Then Au depends on r only by means of t p , that depends 
from the particle density N(r) in the medium. We take 

N(r) = N 0 (r/R 0 )- k (5) 

Here No is the particle density at the distance Ro from the center, while k is some 
constant on the order of one or two. Such a dependence was suggested in (916; 915) 
found from the spectroscopic observations of hydrogen lines in the central regions of 
active galaxies. The average density n(r) in the outflowing plasma can be found from 
the fact that as the matter expands at a velocity V, the A/m p particles (A is the rate of 
outflow of matter in g/sec) fill a spherical shell of radius r and thickness V. 

n(r) = A/4nm p r 2 V (6) 

Substituting (3) and (6) into (4), using (5), and integrating, we obtain 

M = AfleTpR^/ 8(2 + k)m p c (7) 

where t p is given by Eq.(2) in which N(r) must be replaced by No- Let us attempt 
to apply this mechanism of formation of dipole magnetic fields to the central regions 
of active galaxies. As we noted in the introduction, in (917; 912; 930; 914; 916; 915; 
918; 923) it was shown, on the basis of an analysis of observational data for many ac- 
tive galaxies, radio galaxies, and quasars, that the central regions of these objects rotate 
fairly rapidly, 

u ~ 1 00-300 km/sec at r ~ I OOpc from the center, which corresponds to angular veloc- 
ities 10 -14 -10 -15 sec -1 . The density No of the rapidly rotating, gaseous component is 
estimated to be 10 3 sm -3 . It is also well known that highly ionized plasma flows out 
from the nuclei of active galaxies with velocities from several hundred to several thou- 
sand km/sec. With allowance for these data, the following values seem most acceptable 
for the parameters of proposed model: 
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Ro = 1 OOpc =3 * 10 20 cm, 


No=10 3 cm 3 , 


£2=5*10 _15 sec _1 , 

V=400km/sec=4*10 7 cm/sec, 

A=lM o /yr«6.4*10 25 g/sec, 

K=1.5. 

Using these values, from Eqs. (7) and (2) we find 
M=3*10 61 G cm 3 . 

For comparison, we note that the dipole moment M of a galaxy in which the mag- 
netic field strength at lOkpc from the center is B~10~ 6 G, is 2.7*1 0 61 Gem 3 . The 
proposed model thus gives a responsible order of magnitude for the dipole moment of 
a galaxy. 

We must note, however, that this estimate is an upper limit for our model, since in 
deriving Eq.(7) we ignored the influence of the forming magnetic field on the outflow 
of ionized matter. This influence becomes substantial when the energy density of the 
magnetic field becomes comparable to the kinetic energy density of outflowing matter: 

pV 2 / 2 = B 2 /Sn (8) 

Eq(8) yields B~1.7*10~ 4 G at the boundary of the sphere. 

Moreover, the magnitude of the magnetic field that arc formed and amplified in 
this way depends on the time interval To of the galaxy’s active phase. The estimation 
gives Tq— I O x yr in which the magnetic field (in frame of proposed above model) can 
grow to several hundred micro gauss. It must be mentioned that the same kind of effect 
will work when instead of outflow exists an inflow of the ionized matter into the rotating 
central paid. 
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Abstract. In this paper, we discuss some aspects of numerical modeling of electro- 
magnetic scattering by discrete random medium by using numerically exact solutions 
of the macroscopic Maxwell equations. Typical examples of such media are clouds of 
interstellar dust, clouds of interplanetary dust in the Solar system, dusty atmospheres of 
comets, particulate planetary rings, clouds in planetary atmospheres, aerosol particles 
with numerous inclusions and so on. Our study is based on the results of extensive 
computations of different characteristics of electromagnetic scattering obtained by us- 
ing the superposition T-matrix method which represents a direct computer solver of the 
macroscopic Maxwell equations for an arbitrary multisphere configuration. As a result, 
in particular, we clarify the range of applicability of the low-density theories of radia- 
tive transfer and coherent backscattering as well as of widely used effective-medium 
approximations. 


1. General Introduction 

A discrete random medium is an object in the form of a finite volume of a vacuum or 
a homogeneous material medium filled with quasi-randomly and quasi-uniformly dis- 
tributed discrete macroscopic impurities called small particles. Such objects are ubiq- 
uitous in natural and artificial environments. Electromagnetic scattering and absorption 
by particles can affect the energy budget of a discrete random medium and hence vari- 
ous physical and chemical processes. So, one of the main objectives of the discipline of 
electromagnetic scattering by randomized particulate objects is the computation of opti- 
cal observables that can be used to quantify the energy budget of a macroscopic volume 
or the results of measurements with actual optical instruments. It is necessary to note 
that at any moment of time, the spatial distribution of particles in a multi-particle group 
is definite rather than random. Therefore, if the group is illuminated by a monochro- 
matic or quasi-monochromatic parallel beam of light then statistical randomness and 
spatial uniformity of a multi-particle group as well as the requisite absence of speckles 
in the scattered radiation can be achieved only over a sufficiently long period of time 
owing to random temporal changes of part ic le positions. 

Until quite recently, theoretical calculations of electromagnetic scattering by dis- 
crete random media typically were performed by using the radiative transfer theory. 
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effective-medium rules, and the geometric-optics ray-tracing method. But recent ad- 
vances in the development of computer solvers of the macroscopic Maxwell equations 
and the availability of powerful computers and computer clusters have maid possible 
direct numerical modeling of electromagnetic scattering by multi-particle groups with 
arbitrary packing density (see, e.g. 938). 


2. Numerically Exact Computer Modeling 

We consider an imaginary spherical volume of radius R randomly tilled with N identi- 
cal non-overlapping spherical particles of radius r (Fig. 1). To model such medium we 
use the approach which allows to create a quasi-random N-particle configuration aver- 
aged over the uniform orientation distribution with respect to the laboratory coordinate 
system. This procedure makes it possible to eliminate completely the speckle noise 
and allows to use the highly efficient supeiposition T-matrix method, which represents 
a direct, numerically exact computer solver of the macroscopic Maxwell equations for 
a multi-sphere group (see, e.g. 932). 



Figure 1 . A fixed N-particle configuration quasi-randomly populating an imagi- 
nary spherical volume. 

We assume that the particulate volume is illuminated by a parallel quasi- monochro- 
matic beam of light. The observation point is located in the far-field zone of the entire 
volume. Since the scattering properties of the particulate volume are averaged over all 
orientations of an N-particle group, they depend only on the scattering angle 8 provided 
that the scattering plane is used for defining the Stokes parameters of the incident and 
scattered light. The far-field transformation of the Stokes parameters upon the scatter- 
ing by the entire volume is described in terms of the 4x4 real valued normalized Stokes 
scattering matrix of the entire volume 
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The first element Fn(0) is so called phase function, and if the incident radiation 
is unpolarized, then the phase function characterizes the angular distribution of the 
scattered intensity, while P = -F2i(0)/Fn(0) gives the corresponding degree of linear 
polarization. 

In Fig. 2, we show the example of our results obtained by using the superposi- 
tion T-matrix method and the parallelized Fortran-90 computer code developed for use 
on parallel computer cluster (933). In this case, the size parameter of the imaginary 
spherical volume is fixed at kiR = 50 (k | = 2k/ A), while the size parameter and relative 
refractive index of particles are fixed at kir = 4 and m = 1.32. 
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Figure 2. Elements of the scattering matrix computed for an imaginary = 50 
scattering spherical volume populated by N = 1, 2, ...,600 particles with kir = 4 and 
m = 1,32. 


The plot of the phase function Fn reveals several fundamental consequences of 
increasing the number of particle N. First of all, there is a strong and narrow forward- 
scattering enhancement owing to the systematically constructive interference of the 
wavelets singly scattered by the constituent particles in the exact forward direction. The 
second remarkable consequence of increasing N is that the phase function at backseat - 
tering angles starts to develop a narrow peak with a maximum at 180° what is so called 
coherent backscattering peak. The third obvious consequence of increasing the number 
of particles is the progressively smooth and featureless profile of the phase function 
at the side-scattering angles. This effect manifests itself as the diffuse intensity back- 
ground. In the case considered, the most prominent effect of increasing N on the value 
of linear polarization is to make this characteristic more neutral. A fundamental prop- 
erty of the ratio F 22 /F 11 is that it is identically equal to 1 for scattering by one particle. 
The rapidly increasing deviation of this ratio from 1 for N > 5 can be attributed to the 
contribution of multiple scattering. 

It should be noted that in some cases, the behavior of scattered intensity and po- 
larization is of great interest for scattering angles 0 near 180° (phase angles a near 0°). 
This range of phase angles is of great interest because many laboratory measurements 
for densely packed particle suspensions and particulate surfaces as well as observations 
performed for some atmosphereless Solar system bodies reveal the nonlinear peak in 
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intensity centered at opposition (so called brightness opposition effect) and the polar- 
ization opposition effect (narrow local minimum in negative polarization, centered at 
a phase angle approximately equal to the angular width of the corresponding intensity 
peak). The nature of these opposition effects was explained by the theory of coher- 
ent backscattering (934) which is strictly applicable only in the asymptotic limit of 
infinitesimally small packing density. Therefore, in order to justify the involvement of 
the concept of coherent backscattering in the case of densely packed media, the range 
of applicability of the coherent backscattering theory should be clearly determined. 

In principle, the effect of increasing the number of particles can be expected to 
be twofold. Initially it can facilitate multiple scattering and thus enhances the classical 
manifestations of diffuse radiative transfer and coherent backscattering. Eventually, 
however, it can cause changes in the scattering patterns not implied by the low-packing- 
density theories of radiative transfer and coherent backscattering. 

From the results presented in Fig. 3, one can see that up to N = 300 (the packing 
density p = 41%) all backscattering effects predicted by the low-density theory of co- 
herent backscattering take place. Then the curves develop high-frequency interference 
ripples typical of a single spherical particle of large size. Obviously, such behavior 
of scattering characteristics is not predicted by the low-density theories of radiative 
transfer and coherent backscattering. Nevertheless, the direct solutions of the Maxwell 
equations do demonstrate that the classical predictions of the low-density theories can 
survive (at least in a semi- quantitative sense) volume packing densities typical of par- 
ticle suspensions and particulate surfaces. 




phase angle, deg 


phase angle, deg 
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N = 100 
N = 200 
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Figure 3. Phase angle dependence of the elements of the scattering matrix com- 
puted for the imaginary k]R = 20 spherical volume of discrete random medium uni- 
formly populated by N = 1, 50, ... , 345 particles with kir = 2 and m = 1.31. 


3. Effective-Medium Approximation 

As was mentioned above, direct computer solving of the Maxwell equations is possible 
with using powerful computers, and such computations for morphologically complex 
objects are time-consuming and impracticable. As a consequence, so-called effective- 
medium rules arc often used in the case of heterogeneous material (931). The main 
idea of an effective-medium approximation is to replace a morphologically complex 
object (for instance, a heterogeneous particle) by a much simpler “effective” homo- 
geneous object possessing essentially the same scattering properties. For a long time 
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effective-medium approximation remains an unproven hypothesis, but now direct exact 
numerical solutions of the macroscopic Maxwell equations give the possibility to vali- 
date the accuracy of different effective-medium rules at least in special cases. Here, we 
briefly summarize some results of such validation performed for the case of heteroge- 
neous object composed of host sphere randomly tilled with N identical small spherical 
inclusions (935; 936). 

Fig. 4 demonstrates the dependence of the errors 6 introduced by applying the 
Maxwell-Garnett rule (see, e. g. 931) on the refractive indices contrast of the host 
(kiR = 10, m = 1.32) and inclusions (kir = 0.3 N = 8000) for the elements Fn, F21, 
F34. It is seen that if the both refractive indexes are close then the errors are negligibly 
small. As expected, the errors grow with increasing refractive-index contrast between 
the host and inclusions. This growth is not always monotonous at all scattering angles, 
yet by the time the refractive index of inclusions reaches the value 2, all three errors 
exhibit values that can be considered unacceptable in many applications. Importantly, 
this happens despite the very small size parameter of the inclusions. 



0 5 10 15 20 25 30 35 0 


10 15 20 25 30 
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Figure 4. Percent errors of the Maxwell-Garnett mixing rule. 

Basing on a large number of computations, we conclude that the effective media 
approximation can be realized in the limit case of a very small inclusion size parameter 
and a very low refractive-index contrast between the host and the inclusions. 


4. Fixed Medium 

The concept of a discrete random medium is also often used in application to fixed 
particulate media such as, for example, powder surfaces. This usage is usually moti- 
vated by the nondetection of speckles in measured scattering patterns. And a hypoth- 
esis was suggested that the nondetection of speckles is caused by the illumination of a 
fixed multi-particle group by a polychromatic beam. Yet, the smoothness of scattering 
patterns measured for fixed particulate media often serves as a justification for using 
modeling techniques developed for true discrete random media such as the theories of 
radiative transfer and coherent backscattering. But the radiative transfer equation has 
never been derived directly from the Maxwell equations by averaging optical charac- 
teristics over a finite spectral range instead of averaging over varying particle positions. 
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Therefore, it is imperative to examine whether polychromatic illumination (i.e., av- 
eraging optical observables over a finite rather than infinitesimal spectral range) can 
be quantitatively equivalent to averaging over random particle configuration (i.e., en- 
semble averaging). Such validation can be performed by using exact solutions of the 
Maxwell equations (937). 

Fig. 5 gives the results of computations performed for two types of imaginary scat- 
tering object with kjR = 50, populated by N = 400 spherical particles with kir = 4, m = 
1.32. In the case (a), red curves correspond to the fixed particle configuration. In these 
curves, one can see large amplitude oscillations which represent speckles typical of 
fixed particle configuration. Blue curves correspond to the case of particle configuration 
averaged over uniform particle distribution, and they demonstrate the behavior typical 
of discrete random media. In the case (b), the red curves depict the computed scattering 
matrix elements for the fixed multi-particle configuration when a single wavelength is 
replaced by the averaging over a range of wavelengths [0.95/lo, 1.05 To]. Blue curves 
are the same as in the case (a). Comparison of these two cases shows that averaging 
over a finite spectral interval is an extremely efficient suppressor of speckles generated 
by a fixed multi-particle configuration. As a result of spectral averaging, the scattering 
properties of the fixed multi-particle configuration become very similar to those of the 
morphologically equivalent discrete random media. 
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Figure 5. Elements of the scattering matrix computed for an imaginary spherical 
volume with kiR = 50, populated by N = 400 spherical particles with kir = 4, m 
= 1.32. (a) Red curves: the multi -particle configuration is fixed; blue curves: the 
results are averaged over the uniform orientation distribution of the multi-particle 
configuration, (b) Red curves: the multi-particle configuration is fixed and the re- 
sults are averaged over the range of wavelengths [0.954o, 1.05 To]; blue curves: the 
results are averaged over the uniform orientation distribution of the multi-particle 
configuration at a single wavelength A q. 
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In conclusion, we note that fundamental aspects of electromagnetic scattering by 
a discrete random media and the results of extensive numerical modeling are discussed 
in Mishchenko et al. (938). 
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Upper and Lower Bounds, Asymptotics and Rigorous Expressions 
for Radiation Characteristics in Scattering Media of Various 
Geometrical Shapes 


Nikolai N. Rogovtsov 

Energy Department, Belarus National Technical University, Prospect 
Nezavisimosty 65,220013 Minsk, Belarus 

Abstract. Using the general invariance relations reduction method several analytical 
estimates and asymptotical formulas for a number of characteristics of radiation fields 
in turbid media of various geometric shapes are obtained in the article. 


1. Introduction 

Many astrophysical and geophysical objects (scattering media) have no plane -parallel 
symmetry and are irradiated with sources of various types. For example, protuberances, 
spikules, coronary beams, accretionary disks, planetary and dust nebulas and clouds in 
the atmosphere of Earth belong to such objects. The research of influence of a geo- 
metrical shape of a scattering medium, arrangement of primary radiation sources and 
types of the physical processes taking place at single scattering on process of radiation 
transport is enough a complex problem. Partially this problem can be solved on the 
basis of the use of the general invariance relations reduction method (GIRRM). In de- 
tail, basic ideas and constructions of the GIRRM have been explained and described by 
Rogovtsov (1999, 2010) and Rogovtsov & Borovik (2016). By means of the GIRRM it 
is possible, in particular, to obtain a number of common double inequalities (the lower 
and upper bounds), asymptotics, rigorous and approximate analytical representations 
of intensities and radiation densities, the mean number of scatterings of a photon and 
the average duration of luminescence. To illustrate the GIRRM opportunities further 
the case of monochromatic scattering will be only considered. Such scattering takes 
place, for example, in turbid media, which include dust nebulae and clouds in Earth's 
atmosphere. 


2. Some Notations, Definitions and Assumptions 

Let V be a microscopically homogeneous and locally isotropic turbid medium limited 
non-concave surface S . We assume that almost everywhere on S an external unit nor- 
mal n(r s ) can be built, where r s is the radius vector of a point belonging to S . We 
denote by Q.+(r s ) and Q—(r s ) hemispheres of the unit sphere Q(r v ). These hemispheres 
are defined by the inequalities (, n(r s ) • Q) > 0 and ( n(r s ) -ii) < 0 respectively (£2 is a unit 
vector that specifies the direction of radiation propagation). The turbid medium V can 
contain internal primary sources or can be irradiated by external radiation sources. Let 
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I(r, Q\ V) denote the radiative intensity in V only in the presence of internal (or exter- 
nal) primary stationary radiation sources. If the primary sources of radiation depend on 

. — ^ . 

the time t, the radiation intensity is denoted by I(r, f>, f, V). By the symbols 7 m ,y(r; V ) 
and I,„id(r, f, V) will be meant the average radiation intensity for the cases of stationary 
and non-stationary sources, respectively. 

The symbol N Wo (V) will denote the mean number of scatterings of photons emitted 
by stationary internal primary sources and dying in V or outgoing through the boundary 
S of the body V. Everywhere by the value a»o will be meant a single scattering albedo. 
The value N m (V) can be calculated with the formula 


NUV) = o~ 


- 4ncr 


fff clV f g(r, Q)dQ fff dV f I(r,Q;V)dQ 
JJJv J fi J JjJv Jci 

fff dV f g(?,n)dn fff 
JJJv J n JJJv 


( 1 ) 


Imidir, V)dV. 


Here g(r, il) is the density of the primary stationary radiative sources, and cr is the 
scattering coefficient. By the monochromatic radiation flux through all boundary S of 
the turbid medium V will be meant values 

n^S; v) = ff ds f (d(? s )-Q)i(? s ,n; Win, (2) 

JJs Jci(? s ) 

n 1 (5;t;E)= ff dS f (n(r s ) ■ Q)I(r s , d, t; V)dQ. (3) 

JJS JQ(r s ) 

If the unit sphere Q(r s ) in Eqs.(2) and (3) is replaced by the hemisphere T>+(r s ), we 
obtain the monochromatic luminosity L(V) of the body V for the cases of stationary 
and non-stationary primary sources respectively. 

Let the turbid media V be irradiated with only non-stationary primary internal 
sources, specified by density g(r, Q,t). By the average duration of luminescence t* of 
the turbid medium V is meant the value 


r*+o o 

-l 

r*+oo 

U l {S\t,V)dt 


tU l {S-,f,V)dt 

J- 0 


J- 0 


if integrals fff y dV f Q dQ /_ + 0 °° t'g(r, Q, t)dt exist where l = 0 or 1 = 1. 


3. General Double Inequalities 

Using the GIRRM and known information about solutions of canonical or other bound- 
ary value problems (BVPs) for the radiative transfer equation (RTE), it is possible to 
obtain double inequalities for all the above-mentioned radiation characteristics, de- 
scribing the radiative transfer process in a turbid medium V. They arc of the form 
0 < /q < x < hi- Here x is a required value; h\ and hi arc known values or they 
can be explicitly estimated lower or upper respectively. Additionally the values h\ and 
Ii 2 in many cases can have values sufficiently close to each other. Moreover, under 
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certain conditions hi and ho can tend to each other. Therefore on the basis of the above- 
mentioned inequalities, the asymptotics and the approximate analytical formulas for the 
required value x can be obtained. As approximate values of x, for example, the value 
x x = 2" 1 (A i + lio) can be taken. Obviously, the relative error of this formula is less than 
s = (2h x Y\h 2 - hi). In many cases the value s does not exceed a few percent or even 
tends to zero. 


4. Specific Examples of the GIRRM Application for Turbid Media Limited Non- 
Concave Surfaces 

4.1. Let a turbid medium V has a shape of a prolate spheroid and the optical lengths of 
its semi-axes are d, d, c (a < c; a = aa, c = ac, where a is the attenuation coefficient 
and a, a, c are the semi-axis of the spheroid). If the scattering in V is conservative (i.e. 
coo — 1) and a non-stationary point isotropic source is in the center of symmetry of the 
body V , the following asymptotical inequalities (Ins.) hold: 


(6) l rja 2 < f main < L(4 w) 1 ln((l + w)/( 1 - w)) - (3) 'j pd 2 ,d -> +oo. (5) 

Here w = \J I - (d/c) 2 ; rj = 3(1 - f\ )(av)~\ where v is the light velocity and the 
parameter f\ is determined through the decomposition of the phase function p(p) in 
a Fourier series in Legendre polynomials P,(p) ( p(jx ) = H ; + = q (21 + l)//P/(ju)); t* main is 
the principal term of asymptotics for the average duration of luminescence t* of the 
medium V. For example, if | ^ the factor before tjct in the right hand side of Ins. (5) 

is approximately equal to 0.3123. 

4.2. Assume that the conservative scattering medium V has the form of an oblate 
spheroid (i.e. c < d) and contains a point non-stationary source in the center of sym- 
metry. Then the following asymptotical inequalities hold: 


(6) l Tjc 2 < t* nain < (1 + wi)L(2 VvvT) 1 arctan Vwh - (3 V 1 +*T) 

2 ( 6 ) 

w i - (d/c) , c — * -Too. 

4.3. Let a conservatively scattering turbid media V be of the form of a circular cylinder, 
whose an optical diameter d and optical height d are equal to each other. Let stationary 
primary sources with a constant density g(r, Q) = C = const be inside V. Then the 
following asymptotical inequalities hold: 


<24 r'ma 2 <(lM d ’ V )L,„ 

< (»)-' [in tan(3jr/S) + (2)~i - 1 


T]i a ,a 


-Too. 


(V) 


Here 771 = Ca '3(1 - /1); by the symbol (l mid ((9; v)) nmj is meant the principal term 
of the asymptotics of the mean intensity of radiation in the center of symmetry of the 
cylinder V. It should be pointed out that the factors before 77 id 2 in the left hand and 
right hand parts of Ins. (7) arc approximately equal to 0.0417 and 0.0736 respectively. 
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4 . 4 . Consider the conservative scattering medium V which has the shape of a cube and 
contains the primary stationary sources with density g(r, Q) = C = const. Then the 
following asymptotical inequalities hold: 


(24 <(lmd(d\V)) . 

\ \ //main 


< (4tt) 1 




ijia 2 ,a 


+oo. 


( 8 ) 


Here a is the optical length of the cube edge V; V\ is a cube with an optical length 
of the edge equal to one; r = ar is a dimensionless radius- vector whose beginning is 
in the center of symmetry of the cube V\ ; the radius-vector O specifies the center of 
symmetry of the cube V. The factor in the right hand side of Inq.(B) being before r]\Zr 
is approximately equal to 0.0975. 

4 . 5 . Let a turbid scattering medium V have a spherical shape and the optical radius of 
the sphere be equal to To- The position of the ’observation’ point is specified with the 
radius-vector r whose beginning is in the center O of the sphere V. 

4 . 5 . 1 . First assume that in the turbid medium V there arc non-stationary internal pri- 

. -4 i 

mary sources of radiation with the density g(r, Q. t ) = const\r\ (pit), where k e [0, +oo), 
r = ar and <p(t) = 0 when t < 0. In addition the inequalities t l g>(t)dt < +oo hold 
when / e 0, 1. Then the following asymptotical formula for the value t* holds: 

t* = (1 - fi)((av)(k + 5)) _1 Tq +/3i((av) -1 T 0 ),To -> +oo,m 0 = 1 (9) 

where e [0, 1] . If we multiply Eq.(9) by (av), we obtain the asymptotics for the 
mean number of scatterings of a photon in the medium V (i.e. the asymptotics for 
MOO). 

4 . 5 . 2 . We now assume that on the boundary S of the medium V there is a point non- 
stationary source with an angular diagram proportional to the function y(L>), where 
Q e Q_(r s ) and the radius-vector r s specifies the position of the source. Then the 
following asymptotical formula for the value t* holds: 


—-HI ) I t q -> +oo, a>o = 1 (10) 

Here by x\(p) is meant the function y(£2) averaged in azimuth; the function uq(ju) spec- 
ifies the angular dependence of Milne’s problem solution for the case of conservative 
scattering (some important properties of this function have been studied by Ambart- 
sumian (1944) and Sobolev (1975)). 

4 . 6 . Consider an almost conservatively scattering optically thick turbid medium V lim- 
ited a smooth non-concave surface S . Assume that this medium does not contain inter- 
nal sources and is irradiated by isotropic (at any point of the boundary S of the body 
V ) radiation. Let the intensity of this external radiation be a constant value Iq inside 
any hemi-sphere 0_(r s ). Then such an asymptotics for the monochromatic luminosity 
L{V) of the body V takes place: 
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L(V) = 1 0 fl(5) 


71 + 


a{S ) 


JJ' dS J' ( n(r s ) • O) q (r s , Q; /ci (w 0 )) dQ 


( 11 ) 


+ 


0(a(5)((l - w 0 ) + (t*) *)) ,w 0 -» I , k\ (o>o)t* 


+oo. 


Here k\(u>o) is the minimal nonnegative root of the characteristic equation of the scalar 
RTT and the parameter t* is an optical length specifying the effective optical diame- 
ter of the body V (the meaning of these values was explained in detail by Rogovtsov 
(2010,2015a,2015b)); a(S ) is the square of the surface S ; the function q Q; (q(wo)) 
is expressed analytically through the ’volume’ Green function of the RTE for the case 
of an infinite turbid medium in which a ’source’ with the density 6{f) is. In addition for 
the function q (iy, fl; k i(wq)) the following asymptotical estimate holds: 


c/(r,,Q;ki(w 0 )) = O ((fci(w 0 ) 4- (£i(w 0 )t*) 1 )), 
a»o — » l,k\ (wq)t* — » 4-oo. 


( 12 ) 


4.7. Let a turbid medium V be a sphere and the optical radius of the sphere be equal to 
to- Assume that the scattering in the sphere V is almost conservative and the sphere is 
irradiated with a wide mono-directional mono-chromatic beam of the external radiation 
incident on a half boundary S of the medium V. Let the density of the incident light 
on the area perpendicular to the beam is equal to F. Using Eq. (11) and the spheri- 
cal symmetry of the medium V, it is possible to obtain the asymptotical formula for 
the monochromatic albedo A(V) of the turbid medium V, irradiated with the above- 
mentioned radiation beam. This asymptotics is of the form: 


A(V) = 1 - (2n 2 R 2 )~ l 


+ 


JJ' dS J' ( n{r s ) • G) q (r s , G; Aq(w 0 )) dQ. 

0(((1 — W 0 ) 4- (t 0 ) -1 )) ,ojq — > 1 ,m — > 4-oo, 


(13) 


where m = k\ ( oju)to and R = (ro/n) is the sphere radius. 


5. The Simplest Application of the GIRRM for the Case of a Turbid Medium 
Having the Doubly Connected Boundary 

Let the conservatively scattering turbid medium V be a spherical shell with an optical 
thickness To- Let the relation / 3 of the radius of the internal spherical boundary of the 
shell to the thickness of the shell satisfy the condition /? » 1. Assume that a point 
isotropic non-stationary source with a finite mean duration i* of the luminescence is in 
the symmetric center of the spherical shell. If the beginning of reading time coincides 
with the time of the radiation arrival from the source in the center of symmetry of the 
shell to its external sphere, then the following formula holds 
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K = (av) _1 j(l - /i)(^ + /?)rj 

I 


p\2 J n 2 u 0 (ii)dii - 1 + 2 J' /tG^(t 0 - 0, 1;t 0 ,/i; l)d/i 

+6 n 2 uoin)dn - 1 r 0 1 + 0 ((ffy)^ 1 ) , 

To — > +DO,yg = » 1,0)0 = 1. 


(14) 


In Eq. (14) the function G^,(T,q; ti,/ii; o»o) can be considered to be a known value 
(its analytical representation was obtained, in fact, by Rogovtsov (2015a, 2015b), Ro- 
govtsov & Borovik (2016)). 


Concluding Remarks 


Above-mentioned Eqs. (5)-( 14) illustrate in an explicit analytic form that radiative 
transfer process was significantly influenced by geometrical characteristics of turbid 
media and primary sources. It should be noted that the use of the basic ideas and 
constructions of the GIRRM has allowed us to find not only Eqs.(5)-(14), but also a 
number of other decisions (or estimates) of BVPs for RTE in cases of turbid media of 
different configurations. These results can, in particular, be used to study the general 
properties of radiative transfer process in turbid media of rather complicated shapes and 
to test some approximate solutions obtained by numerical algorithms and Monte Carlo 
method. 
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On the Generalized X and Y Functions in Complex Radiative 
Transfer 


Tonu Viik 
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Abstract. In this paper we consider the problem of generalizing the X and Y func- 
tions for an isotropic homogeneous optically finite medium where the albedo of single 
scattering may be defined anywhere in the complex plane. 


(948) has shown that the resolvent function 9) - the most important function in the 
radiative transfer - satisfies the following integral equation 

0(r; T)= l -A f E x (\t - r|)0(f; T)dt + \e x (t). (1) 

2 Jo 2 

Here E\ is the exponential integral of the first kind and the albedo of single scatter- 
ing A is complex - A = A\ + iA 2 and T is the optical thickness of the atmosphere. 
We approximate the kernel in Eq.(l) by a sum of exponents and after substitution this 
approximation into Eq.(l) it can be solved exactly and the solution is 

N 

9>(t, T) = a\ + b]_T + exp (~s t T) + b ,■ exp [sfT - r)]}. (2) 

i = 2 


Here aj,bj and .v, are complex constants which may be easily found. If A x f 1 and 
/E f 0 then there are no members outside of the summation sign and the summation 
starts from i - 1 . 

(949) has defined the following functions: 


x(r, w,T) - 1 + J' 0(t; T) exp | — (r - r)/w]dt, 

y(r,w,T) = exp(-r//r) + f 4>(t; T) exp [-(r - t)/w]dt. 

Jo 

These functions satisfy the following integro-dilferential equations 

1 f 1 dW 

x(t, w, T) - 1 + -Aw I {X(w ,T)[x(t,w,T) + y(r,w ,T) - 1 ] - 

2 Jo w + w' 

Y{yv' , T)[x(T - t, w', T) + y(T - r , vv , T) - 1 ]}, 

y(j,w,T) = exp(-r/w) + ^-Aw f — ^ — ~{X(w' ,T)[y(r,w,T) - y(r,w' ,T)] - 

2 Jo W + W 

Y(w' , T)\x(T - t, vv, T ) - x(T -t,w', T)]). 
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(3) 


(4) 


( 5 ) 
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Bearing in mind the definitions of the well-known Ambartsumian-Chandrasekhar func- 
tions X and Y we find that 

40, w, T) = X(w, T), y(T, w, T ) = Y(w, T ). (6) 

It is obvious that when we substitute Eq.(2) into Eqs.(3) we obtain simple expressions 
for x and y functions, consisting of polynomials and exponential functions. (949) has 
shown that almost all the physically relevant functions of transfer may be expressed 
with using these functions. To illustrate this statement we consider the case with con- 
stant sources in the atmosphere, i.e the internal sources of energy in the atmosphere 
do not depend on the optical depth, Bo(t ) = Bq = const. For such an atmosphere the 
source function and the intensities are 

B(t, T ) = B 0 X( oo, T)\y(r, oc, T) - x(T - r, oo, T) + 1], (7) 

7(r, -n, T) = BqX(o o, T)[x(t,h, T) + y(r, oo, T) - 

-x(T - r, oo, T) - y(T - T,n, T)\, (8) 

T) = B 0 X(oo, T)[x(T - t,h, T) + y(r, oo, T) - 

-y(r,n,T) - x(T - t,oo,T)]. (9) 

We used Eqs.(7) and (8) to check the internal concordance of numerical results and 
even for a rather low order of approximation ( N = 7) it was excellent - up to 10“ 7 . 



Figure 1. Upper panel - the complex source function Eq. (9) for /f> = 1, T =1, 
lower panel - A = -2, T = 1. 
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1. Introduction 

The Armenian highland is one of the ancient cradles of civilization. Many investigators 
of the history of astronomy , having no facts to hand, mainly by logical approach came 
to the conclusion that the ancient inhabitants of Armenia not only knew, but also took 
part in the formation of ancient astronomy (Maunder 1906; Olcott 1914) . 

Thus Olcott wrote: "Astronomical facts correspond with historical and archaeo- 
logical investigations and prove that people who have invented the ancient figures of 
constellations probably lived in the valley of the Euphrates, as well as in the region 
near the mountain Ararat". 

Maunder, investigating the question of the origin of the constellations, wrote: 
“People, who divided the sky into constellations, most probably lived between 36 and 
42 degrees of the northern latitude, so neither Egypt nor Babylon could be the moth- 
erland of creation of constellations. Calculating in what place the centre of this empty 
region coincides with the North Pole, we got the figure 2800 BC, which is probably the 
date during which the naming of the constellations were completed. It was observed 
that such animals as the elephant, camel, hippopotamus, crocodile and tiger were not 
amongst the figures representing the constellations, therefore we can assert India, Ara- 
bia and Egypt could not have been the place where the idea of firmament originated. 

We can exclude Greece, Italy and Spain on the basis of the fact that the figure of 
lion is present in the figures of constellations. Thus, purely by logical thinking we can 
assert that the motherland of celestial figures must be Minor Asia and Armenia, that is 
to say a region limited by the Black, the Mediterranean, the Caspian and the Aegean 
Seas.” 

The above statements had to be confirmed.The discoveries made during the last 
decades in Armenia , have enriched our knowledge of the ancient civilization and an- 
cient astronomy in this region. 

On Armenian territory, a belt calendar and geocentric model of the universe were 
discovered from the Bronze Era, dating back to the XI century 

BC (Tumanian & Mnazakanian 1965). Furthermore, rock carvings of astronomical rep- 
resentations of the Sagittarius, Lion and Scoipio constellations, along with symbols of 
the Sun and the Moon, were discovered on fragments of rocks older than 3000 years. 
The diameters of the pictures arc different from each other , indicating the relative 
brightness of the stars. On one fragment the Sun, Moon, and five planets, as seen with 
the naked eye arc pictured, and on another two fragments there arc circles with short 
and 29 long rays. The rays carved on the rocks probably depict the period of repetition 
of the Lunar phases. 
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Figure 1. 



Image of Earth with the antipodes found on rocks. 


A carved circle found on one of the rocks created a great deal of interest. This cir- 
cle is divided into orthogonal lines, in which (on opposing sides) are also carved human 
figures. These symbols represent the Earth and antipodes (Fig.l). Such symbolism is 
used in modern astronomy (Tumanian & Petrosian 1970) . 


2. The Ancient “Observatory” of Metzamor 

The important discovery, which enriched our knowledge of ancient astronomy in Ar- 
menia, were the complex of platforms for astronomical observations on the Small Hill 
of Metzamor, which may be called an ancient "observatory" . Investigations on that Hill 
show that the ancient inhabitants of the Armenian Highlands have left us not only pic- 
tures of celestial bodies, but a very ancient complex of platforms for observing the sky. 
On the bank of the river Metzamor, some 30 km west of Yerevan, a metal-producing 
centre was found , dating back to the third millennium BC . The life here dated from V 
millennium BC till to XVIII century AD. 

Here on the Small Hill of Metzamor in 1966 the platforms for astronomical ob- 
servations were discovered, which form a peculiar complex - an ancient "observatory" 
(Parsamian & Mkrtchian 1969; Parsamian 1985a; Parsamian 1988) 

Of the platforms , three are particularly well preserved. The first(Fig.2) is trian- 
gular in shape, with its smallest angle facing the South. The bisector of that angle 
coincides with the North-South direction (to an accuracy 2 degrees). On the rock sur- 
faces a number of symbols are carved. These symbols and images arc sometimes also 
repeated on the other rocks as well. 

On the east side of the first platform there are four identical stellar symbols sur- 
rounded by a trapezium measuring 55x40 cm. Of these four symbols, three are partic- 
ularly well preserved. This trapezium is drawn narrower in the south-east; a choice of 
geometry which is not accidental , as will be revealed later.. 

One might assume that the centre of the platform might be a good place to place 
the symbols. However, the positioning of the trapezium and the symbols may be the 
key to its secrets The fact that the trapezium with the star symbols is carved on the 
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Figure 2. The first platform with stellar symbols on the east side 



Figure 3. The third platform with seven steps 



Figure 4. A carved directional indicator (compass) is on the top of the third plat- 
form. It indicates north-south-east directions 


280 


Parsamian 


Table 1. The list of four brightest stars that could be observed at 6 =- 21° during 
5000 years. 


Star 

magnitude 

Epoch 

Sirius 

-1.58 

-2600 

Rigel 

0.34 

-2100 

Antares 

1.22 

400 

/3CMa 

1.99 

-1000 


eastern side suggests the idea that it is connected with the rising of some star or the 
Sun. The Sun however can be excluded , as it used to have its own unique symbol in 
ancient times. The question now is which heavenly body was the trapezium pointing 
to? 

Let’s continue mentally the altitude of the trapezium till the horizon and see, with 
the rising of what heavenly bodies this direction is connected. We measured the azimuth 
of the trapezium with a compass and made some calculations. Let A - be the azimuth 
of the carved altitude of the trapezium dividing it into two equal paid, (the line of the 
altitude is preserved but it is drawn roughly, so an error of measurements of the azimuth 
of the trapezium gave the value A= 295°. The value of declination was found to be - 
21°, the value of hour angle t - 71°. From these data it is not difficult to establish what 
bright stars had the above mentioned declination and when. According to 5000 year 
star catalogue (Hawkins & Rosenthal 1967) table 1 gives the name of four brightest 
stars, their brightness, as well as the epoch, where declination was equal to -21° there 
arc four candidates: Sirius, Rigel, Antares, /3 CMa. 


Table 2. The results of calculations for the rising of Sirius in Metzamor at summer 
Solstice. 


Azimuth 

Declination 

Local time 

Epoch 

300 

-22.20 

4 /! 39 m 

-2800 

298 

-22.55 

4 /! 43 m 

-2600 

296 

19.00 

5 /! 03 m 

-1900 


Most probably Sirius was observed and worshipped by the ancient inhabitants of 
Metzamor and the information they left is about this star. 

Table 2 gives the results of calculations for the rising of Sirius in Metzamor at 
summer Solstice; we indicate the epoch for three different values of azimuth (A = 298° 
being the most probable value) . 

It was shown that in the years between 2800-2600 BC Sirius could have been 
observed at Solstice in the morning, in the rays of the rising Sun, this being the so- 
called helical rising of Sirius. It is obvious from the data that Sirius, the brightest star in 
our hemisphere could have been the object of worship by the inhabitants of Metzamor. 
It is possible that, like the ancient Egyptians, the inhabitants of Metzamor related the 
first appearance of Sirius with the opening of the year. 
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The occurrence of the symbol for Sirius four times in the trapezium can be ex- 
plained by the fact that as in the Egyptian calendar, where the year had 365 days, after 
each 4 years the rising of Sirius was shifted from the first day to the second day of 
the month, and after another 4 years from the 3rd day to the 4th and so on. If these 
suppositions arc correct, then the findings on the first platform prove that the inhabi- 
tants of Armenia were well acquainted with the sky, and could have used the periodical 
appearance for measuring time. 

The second platform is situated 2.5m above the first one. It is also triangular and 
in the plane of meridian. The sign of the Sun and other signs arc there. 

Of special interest is the third platform (Fig. 3). It differs from the other two in 
having seven steps carved in the rock, which lead in from a North-South direction. 
These steps are positioned roughly in the plane of the meridian. If the stairs leading to 
the platform were in the East-West direction, then one might assume that the platform 
was being used for religious ceremonies. The stairs however were positioned in the 
North-South direction, which provided an optimum position for carrying out astronom- 
ical observations. On the last step leading to the platform, a carved directional indicator 
(compass) was made which shows North-South-East directions (Fig.4). The presence 
of the compass suggests that the platform was not positioned exactly on the meridian 
plane and this compass had to be use to correct the position of the observer. The other 
carved signs found on the hills and the platforms also lead us to understand that the 
platforms , as well as serving as astronomical observation platforms, could also be used 
for religious rituals. 

But for religious rituals on the Main Hill of Metzamor was found Pagan Altar 
situated in the plane east-west from the first millennium BC. 


3. Megalithic Monument Zorats Kar 

Among the ancient monuments in Armenia there is a megalithic monument, probably, 
being connected with astronomy. 250km south-east of Yerevan there is a structure Zo- 
rats Kar (Fig. 5) dating back to II millennium BC. Vertical megaliths many of which 
arc more than two meters of height form stone rings resembling to ancient stone monu- 
ments -henges in Great Britain and Brittany (Parsamian 1985b; Parsamian & Barsegian 1987; 
Geruni 1998). 

The diameter of the main stone ring of Zorats Kar is more than 30m and it is no- 
table that on some stones found in the eastern part there are well polished round holes, 
which could have been used for the observation of the Sun in the days of equinox and 
solstice. The main ring is connected with megaliths in S-E direction by gate of two 
megaliths the distance between which more than between other stones. The first obser- 
vations of the sunrise the days of solstice shows that the middle line of gate has direction 
East-West. On the direction N-E from the gate there is a range of nine megaliths. Sun- 
rise observations on June 22, 1985 shows that at the moment of sunrise Sun appearance 
on the top of highest megalith from the gate. In the same moment it was possible to see 
Sun in the holes of two megaliths N 39 and N 44. Numeration was begin from north 
end of stone avenue which lead to main stone ring in the N-S direction. After short 
time during sunrise Sun was seen trough first megaliths hole from the gate. During 
HR the observations of sunrise on 21 September, 1985 before appearance of Sun in the 
middle of gate we observed Venus.We suggested that the place of gate was chosen for 
observations of periodic events (Parsamian 1985b; Parsamian & Barsegian 1987). 
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Figure 5. Zorats Kar. 


In the same region about 40 km from Zorats Kar there is a village the name of 
Karahunge which give us some information to meditate. Kharahunge is a complicate 
word : "Kar" means stone, "hunge" may be means bouquet, in Armenian dictionary 
there is not that word (Parsamian 1985b). According to hypothesis of Gamkrelidze and 
Ivanov (1990) Indo-European languages were originated on the eastern Anatolia which 
is historical homeland of Armenians. 

4. Medieval Observations of Comets and Novae by Data in Ancient Armenian 

In the collection of ancient Armenian manuscripts (Matenadaran) in Yerevan there are 
many manuscripts with information about observations of astronomical events as; solar 
and lunar eclipses, comets and novae, bolides and meteorites etc. in medieval Ar- 
menia. In particularly there are interesting information about observations of super- 
novae in 1006 , 1054, possible supernova in 716, two novae in 762 (Astapovich 1974; 
Tumanian 1964; Barsegian & Parsamian 1990). 

Till to now 75 information about appearances of 60 comets are found in Armenian 
medieval sources (Vsekhsvyatskij & Tumanian 1970; Barsegian & Epremian 1989). In 
particularly Halley’s comet were observed from Armenia in 684, 989, 1066, 1222, 1145 
and 1531 (Brutian 1998; Barsegian & Epremian 1989; Barsegian & Parsamian 1998). 
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Figure 6. Zorats Kar. 
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Abstract. From its foundation, studies in the field of history of Armenian astron- 
omy and Armenian calendars were integral to astrophysical researches of the Byurakan 
Observatory. It is important to note the monographs and articles of H. Badalian and B. 
Toumanian in this field. As the result of our work in this field, beginning of the Haykian 
calendar (BC 2341) and the concept of Protohaykian calendar were established. In the 
present work an attempt is made to determine the beginning of the oldest Armenian 
calendar-the Protohaykian calendar. It is shown that Protohaykian calendar was origi- 
nated when the heliacal rising of the star Spica (a Virgo) was observable from Armenia 
8 days before summer solstice. Calculations made on this basis provide date of the 
beginning of this calendar as BC 9000 with an error not to exceed 80 years. This date is 
in correspondence with the date of observations of the Pleiades from Metsamor (about 
BC 9000), that was found a few years ago. Meanwhile, it also corresponds to the geo- 
logical data, which prove, that the oldest lake (Araratian Sea) in the territory of modern 
Araratian valley was dried out at the same time. There is also good correlation with the 
time of cultivation of crops that was done in the territory of historical Armenia about 
12000 years ago. 


Traditionally, the calendar and its history has been subject of much interest in Ar- 
menia both among scholars and ordinary people. One of the most important disciplines 
taught in medieval universities of Armenia was calendar and interest in the calendar 
and its history continued during the Soviet period in as well. Since the founding of the 
Byurakan Observatory, research of Armenian calendars and their history were among 
the traditional areas of studies of the Observatory. Notable among the many scholarly 
works are the scientific articles and monographs of L. Simeonov, H. Badalian and B. 
Toumanian. This trend has continued since the independence of Armenia in 1992 in 
Byurakan Observatory with officially sanctioned theme on the study of old and ancient 
Armenian calendars 1 . 

Our research and studies in this field were started in 1983 and continue until now. 
The most important results obtained during these years were the calculated data of the 
beginning of the Haykian calendar and the structure (the concept) of so-called Proto- 
haykian calendar. 

Let first examine what we know about the Haykian calendar. This was a classic 
solar calendar with 12x30 days + 5 days = 365 days structure. The year in this cal- 
endar consists of 12 months of 30 days each and thus contains only 360 days. After 
the 360 days of year, 5 additional days were added to complete the year cycle. As a 
result of shortness of the duration of the year cycle, the beginning of the year in this 
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calendar was movable and makes a full cycle through year seasons during 1506 years 
(1506 x 365.2422 = 1507x 365) 2 . Although the mobility of the beginning of the year, 
the most important holiday of the calendar year Nawasard (having the same name as 
the first month) has been fixed and the day of this feast was determined by observing 
the heliacal rising of the star a Orionis-Betelgeuse. For an observer from the territory 
of Armenia (tp = 39°. 5), heliacal rising of that star in the period of interest to us takes 
place about 8 days before summer solstice (June 14 according to our modern calendar). 

This calendar was used in Armenia without significant changes until the official 
adoption of Christianity in Armenia (301 AD). From the beginning of Christianity in 
Armenia general Christian calendars (in all probability for 95 years) were used to de- 
termine dates of religious holidays. From about 353 AD the 200-year paschal tables 
composed by Andreas the Byzantian were in use. After the end of these tables in 552 
the first Armenian paschal tables composed by Athanas Taro n at si were used. These 
tables were composed using Armenian traditional months and unchanged structure of 
traditional Armenian Haykian calendar. As such, the days (in terms of this calendar) of 
solstices and equinoxes as well as the beginning of Armenian year were movable as it 
was in the past. This situation continued in Armenian calendar until the calendar reform 
of Anania Shirakouni in 667 AD. Thus, we observe, that the Haykian calendar with its 
traditional structure was in use even during the first centuries of Christian period of 
Armenian history. 

In order to determine beginning of the Haykian calendar, we calculate when first 
day of first month Nawasardi coincides with the day of heliacal rising of a Orionis - 
Betelgeuse. Our calculations were carried out using well-known formulas of spherical 
trigonometry giving us the date 2341 BC. As such, we conclude that the Haykian cal- 
endar - was established in the year - 2341 BC 3 . We can summarize what we have about 
the Haykian calendar as follows: 

1 . Correction - none, 

2. Beginning - 2341 BC, 

3. Duration of the year - 360 days, 

4. Duration of year - cycle - 365 days, 

5. Beginning of the year - movable, 

6. Main feast - fixed to heliacal rising of star - a Orionis. 

We call the calendar used in Armenia before the Haykian calendar - Protohaykian. 
The structure of this calendar - was reconstructed by analysis of large volumes of data 
concerning Armenian calendar's from mediaeval Armenian calendric and historical sources. 
This analysis demonstrates that the calendar preceding the Haykian one had 10 x 30 
days + 70(65) days = 365.2422 days structure. As such, the year in this calendar con- 
sists of only 10 months of 30 days each and thus contains 300 days. After the year 


2 Here 365.2422 days is the exact duration of tropical year. 

3 Grigor Broutian, About Some Problems of Armenian Calendar: The Native Armenian Calendar, Etch- 
miatsin, 1985, 1, pp. 51-57, II-III, pp. 72-80. See also Grigor Broutian, The Armenian Calendar. Mother 
See Holy Etchmiatsin, 1997, pp. 211 - 246 (in Armenian). 
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there was a period of 70 (or 65) days that was considered to be out of the year. (In fact 
5 of the 70 days of this period were considered to belong both the 300-day year and the 
out of year period. This out of year period corresponds to the length of invisibility of 
the star Betelgeuse, while the year corresponds to the period of visibility of the same 
star. Thus, the correction of the beginning of the year was done automatically by the 
observations of the heliacal rising of the star that represents the heavenly image of the 
main god - the Supreme Being 4 . Existence of Protohay kian calendar is confirmed by a 
large amount of data from: 

1. Mediaeval Armenian historical sources 5 , 

2. Armenian folklore sources 6 , 

3. Folklore of neighboring nations 7 , 

4. Calendars of some neighboring nations 8 , 

5. A ceramic vessel of XXXII c. BC from Keti (Shirak, Armenia, Figure l) 9 . 

Thus, the following is known about the Protohaykian calendar: 

1 . Correction - automatically 

2. Beginning - unknown 

3. Duration of the year - 300 days 

4. Duration of year cycle - 365.2422 days 

5. Beginning of the year - fixed 

6. Main feast - fixed to heliacal rising of star a Orionis. 

However, all the above mentioned sources do not give us the tools to find out the 
beginnings of Protohaykian calendar. In order to find the beginnings of this calendar 
we have to take into account the following additional information. 


4 Grigor Broutian, About some Problems of Armenian Calendar: The Structure of Protohaykian Calendar, 
Etchmiatsin, 1996, XII, pp. 135-164 (in Armenian). 

5 Grigor Broutian, The Oldest Armenian Calendar Conceptions According to the “History of Armenia” of 
Agathangelos, Etchmiatsin, 1998, VI, pp. 45-53 (in Armenian). 

6 Grigor Broutian, Some Calendar Relations in Armenian Fairy Tales: I, II, III, Etchmiatsin, 2008, II, pp. 
49-70, Etchmiatsin, 2009, XII, pp. 62-83, Etchmiatsin, 2010, VI, pp. 22-44 (all in Armenian). 

7 Grigor Broutian, The Oldest Armenian Calendar Conceptions and Byzantine Epic Poem Vasil Digenis 
Acritas, Bazmavep, 2004, pp. 5-16 (in Armenian). 

8 Grigor Broutian, Armen deacon Khachatryan, Certain Issues Related to the Calendar in the Holy Bible, 
Bazmavep, 2008, pp. 83-100 (in Armenian). 

9 Grigor Broutian, The Oldest Armenian Calendar Concept According to the Analysis of the Ornaments 
of a Vessel from 28-27th c. B.C., Bazmavep, 2007, pp. 149-163 (in Armenian). 
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Figure 1. The ceramic vessel from Keti and its ornaments (XXXIIc. BC) 


1 . First we have to note that observations of heliacal risings of stars can guarantee 
stability of the detected day only during a limited period of time. Indeed, due to 
precession of the Earth and proper motions of stars, the equatorial coordinates 
of bright stars are noticeably changed during centuries and this, in turn, changes 
the conditions of their visibility. As a result, we have slow changes for days of 
heliacal risings (and settings as well) of bright stars relative to days of equinoxes 
and solstices. For example, in the case of Egyptian calendar we can calculate that 
the day of heliacal rising of Sirius, which was celebrated with great festivities, 
was not fixed. It moved relative to the day of summer solstice with a rate of about 
1 day in every 128 years. Meanwhile, duration of the year checked by these 
observations was stable during more than 3000 years and was exactly 365.25 
days 10 . Thus, in ancient Egypt the heliacal rising of Sirius was giving a fixed 
duration of year and not a fixed day in the tropic year. 

2. It is important that the main holiday of both Flaykian and Protohaykian calendars 
were closely correlated with the harvest of winter crops (wheat and barley). Fur- 
thermore, the observations of heliacal rising of the chosen star serves mainly to 
show the exact time of that harvest and this was 8 days before summer solstice. 

3. A large volume of ethnographic data reinforces the fact that the main holiday 
of Flaykian and Protohaykian calendars was closely associated with the cult of bread. 
This tradition is still alive in Armenia even in our days. 

4. We also have data that indicate the division of the starry sky into constellations 
was carried on and covered in Armenia about 2800 BC * 11 . It is notable that this conclu- 
sion was made on the basis of only astronomical and geographical data more than 100 
years ago. During this period, additional archaeological data have confirmed and rein- 
forced these results. On this basis, it is normal to expect the relationship between the 
constellations of the sky, and Protohaykian calendar. In addition, since the main holiday 
of this calendar is closely linked with the cult of bread, then there must be a connection 
between the constellations and the cultivation of grain. Indeed, we see at least 6 or 
7 constellations relating to the cultivation of grain. These are the constellation of the 
Big and Little Dipper, Bootes, Virgo and Libra. Ursa Major in Armenian tradition was 


111 Klimishin, I. A., Calendar and Chronology, Nauka, Moscow, 1985, pp. 144-153 (in Russian). 

11 William Tylor Olcott, Star Lore: Myths, Legends and Facts, Dover Publications., Mineola, New York, 
2004, (originally published by G. P. Putnam’s Sons, New York, 1911, p. 6-8). 
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named “Sayl” (Cart), while Ursa Minor was named “Miws Sayl” (The other Cart). We 
know that in ancient times two carts were used in the cultivation of grain: the first (the 
large one) for transfer of sheaves of wheat from the field to the barn and the second (the 
small one) was used for threshing. Bootes corresponds to the “Reaping worker” with 
a sickle in his hand in the Armenian tradition. Besides we have at least 7 Armenian 
constellation names from mediaeval manuscripts closely associated with grain cultiva- 
tion that have not yet been identified with modern constellations. However, among all 
the constellations associated with the cultivation of bread the most significant is Virgo 
depicting the female figure holding in her hand an car or a sheaf of wheat. Analysis of 
extant data on this constellation from different mythologies and their comparison with 
data from Armenian mythology and folklore show that it represents the image of the 
wife of the supreme deity performing the ritual offering of the first harvest of grain 12 . 
That is, in the face of the Virgin, we have the image of a figure carrying out the final 
stage of the cultivation of grain. 

5. We have also to take into account the fact that according to recent knowledge 
cultivation of crops was made in the territory of Armenia 13 and was of special impor- 
tance. 

Taking into account points raised above, we can draw the following conclusions: 

As the heliacal risings of stars cannot give exact fixed days in the tropic year, 
therefore we must conclude one of two things: either the star chosen for observations 
should be changed after a period of time, or that the day detected by these observations 
should slowly move in the tropical year. However, the second option should be excluded 
as we know that the time of the harvest depends on only the plant and the climate of 
the location. As both of these factors cannot be changed, it implies that the time of the 
harvest cannot be changed. Meanwhile we know that in case of Protohaykian calendar 
the day of the main holiday was closely associated with the winter crop harvest. As 
such, we have to conclude that the star used in Protohaykian calendar should be 
changed in time. The question then is which star should be used in this calendar 
before a Orionis? The best candidate for this role is the star a Virgo - Spica the name 
of which means Ear of corn. 

As such, problem of finding the beginning of the Protohaykian calendar is re- 
duced to calculating the historical period when the heliacal rising of the star Spica 
could be observed from Armenia 8 days before summer solstice. To facilitate our cal- 
culations we will change the summer solstice to the vernal equinox and the 8 days 
before summer solstice = 84 days after spring equinox. Transformations of the well- 
known equations of spherical trigonometry, results in a quadratic equation for the right 

ascension of Sun at the moment of heliacal rising of our star |cos 2 S * - j ctg 2 o- + 
2cosS * (sinS * +tg^ 0 tge ) ctgcr+(sinS * + tg<p 0 tge ) 2 - (l + tg 2 e ) = 0); 

where a is the right ascension of Sun at the moment of heliacal rising of the star, 
zq= 105°, ifo= 39 °.5, e = 23 ° 27' are constants. The equatorial coordinates of Spica 


12 Richard Hinckly Allen, Star Names. Their Lore and Meaning, first publ. 1899, Dover Publications, 
New York, 1963. p. 460-473. 

13 N. I. Vavilov, The Origin and Geography of Cultivated Plants, Nauka, Leningrad. 1987, pp. 335, 343- 
344 (in Russian). 
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arc taken from the catalogue of G. S. Hawkins, and S. K. Rosenthal 14 . The results arc 
presented in the table below and Figure 2. 


The year 
(T) 

a right ascension of 
Sun at the moment of 
heliacal rising of star 

Number of days 
from vernal 
equinox (N) 

-3000 

153.925400232 

159.06 

- 3500 

147.753733806 

152.68 

-4000 

141.573651326 

146.29 

-4500 

135.396372455 

139.91 

- 5000 

129.225833469 

133.53 

-5500 

123.096006939 

127.20 

-6000 

116.994267274 

120.89 

- 6500 

110.952841770 

114.65 

-7000 

104.970534972 

108.47 

-7500 

99.054262522 

102.36 

- 8000 

93.176528224 

96.28 

- 8500 

87.340953073 

90.25 

-9000 

81.500387800 

84.21 

-9500 

75.633008917 

78.15 

- 10000 

69.673918610 

72.00 


From the data in the table of our calculated numbers, we derive a formula using 
the method of least squares. 

N = 0.0125T + 196.83. 

Here N is the number of days from vernal equinox until the heliacal rising of Spica, 
and T is the year (BC). 

Thus, beginnings of Protohaykian calendar is determined to be 9000 BC. Possible 
error of this date is calculated as the period of time during which the day of heliacal 
rising of star will change by one day. For such a change we find the error value of 80 
years. 

As indirect confirmation of this date, we have determined it to have strong corre- 
lation with the time of astronomical observations carried on at Metsamor (about 9000 
BC) 15 . We also have good correlation with geological data concerning the time of 
drying of so-called Araratian sea, the existing region of modern Araratian valley, from 


14 Gerald S. Hawkins, Shoshana K. Rosenthal,5000- and 10000- Year Star Catalogs, Smithsonian Contri- 
butions to Astrophysics, 1967, v. 10, Nr 2, p. 174. 

15 Grigor Broutian, The Ancient Armenian Calendar’s Connection with the Celestial Bodies, Relation 
of Astronomy to other Sciences, Culture and Society, XIII Annual Meeting of Armenian Astronomical 
Society, 7-10 Oct. 2014, ed. H. Harutyunian, A. Mickaelian, S. Farmanyan, NAS RA Gitutyun publ. 
House, Yerevan. 2015, p. 322-333 (in Armenian). 
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Figure 2. The dependence of the number of days from the vernal equinox until 
the heliacal rising of Spica, from the year of observations 


780000 until 1 1000 - 9000 BC 16 . As final triangulation, this period also correlates with 
the period of cultivation of crops in Armenia about 12000 years ago 17 . 

Summarizing our results for the beginnings of Protohaykian calendar, we have: 

1. Beginning - 9000 BC, 

2. Possible error - 80 years, 

3. Correlation with data obtained by analysis of observational platform of Metzamor 
(9000 BC), 

4. Correlation with geological data concerning the time of drying of the so-called 
Araratian sea, existing in the region of modern Araratian valley, from 780000 
until 1 1000-9000 BC, 

5. Correlation with the time of cultivation of crops in Armenia about 12000 years 
ago. 


16 U. V. Sayadian, The Newer Geological History of Armenia, NAS RA Gitutyun publ. House, Yerevan, 
2009, p. 203-216 (in Russian). 

17 N. P. Goncharov, Domestication of Plants, Vavilov Journal of Genetics and Breeding, vol. 17, 2013, z 
4/2, p. 884 - 899. 
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Abstract. NAS RA V. Ambartsumian Byurakan Astrophysical Observatory is pre- 
sented as a cultural centre for Armenia and the Armenian nation in general. Besides 
being scientific and educational centre, the Observatory is famous for its unique archi- 
tectural ensemble, rich botanical garden and world of birds, as well as it is one of the 
most frequently visited sightseeing of Armenia. In recent years, the Observatory has 
also taken the initiative of the coordination of the Cultural Astronomy in Armenia and 
in this field, unites the astronomers, historians, archaeologists, ethnographers, culturol- 
ogists, literary critics, linguists, art historians and other experts. 
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1. Introduction: the Byurakan Astrophysical Observatory 

The Byurakan Astrophysical Observatory is a modern astronomical centre, one of the 
most famous observatories in the former Soviet Union, as well as the Euro-Asian Con- 
tinent. It was founded in 1946 by outstanding scientist Viktor Ambartsumian. New 
ideas on birth and evolution of stars and nebulae in stellar associations, activity of 
galactic nuclei, new theoretical approaches have been developed by him. Stellar asso- 
ciations, numerous active galaxies and quasars, flare and T Tau type stars. Novae and 
Supernovae, and many other objects have been discovered in Byurakan. The famous 
Byurakan surveys have been conducted here as well. 

Viktor Ambartsumian (1908-1996), Beniamin Markarian (1913-1985), Grigor 
Gurzadyan (1922-2014), Ludwik Mirzoyan (1923-1999), Marat Arakelian (1929-1983), 
Vahe Oskanian (1921-1989), Romela Shahbazian (1925-2012) and others lived and 
worked here. Markarian (Mrk), Arakelian (Akn) and Kazarian (Kaz) galaxies, Shah- 
bazian Compact Groups (ShCG), Parsamian nebulae (Pars) and other cosmic objects 
are called by the names of the Armenian astronomers. 

The Byurakan Astrophysical Observatory is actively involved in international 
collaboration with some hundred observatories, astronomical institutes and university 
departments from dozens of countries. A number of scientific meetings have been 
organized here, including the European Annual Meeting in 2007 and the International 
Astronomical Union 6 Symposia and Colloquia. By this record, Byurakan village is in 
the list of the world 10 largest cities, Paris, Beijing, Prague, Rio de Janeiro, Sydney and 
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others. Since 2006 regular Byurakan International Summer Schools arc being held with 
the participation of the regional, former Soviet Union, European and other students 
and with the involvement of well-known professors from different countries. High 
politicians, Nobel Prize winners and other outstanding scientists, many other honorable 
guests have visited Byurakan Observatory. 



Figure 1. The three largest telescopes of the Byurakan Astrophysical Observa- 
tory from left to right: 0.5m Schmidt telescope, 2.6m telescope, and lm Schmidt 
telescope. 

In 2012, BAO was recognized by the Armenian Government as RA National 
Value, and in 2015, by the IAU officially received the status of a Regional Astro- 
nomical Center. Currently it is called IAU South West and Central Asian Regional 
Astronomical Center. 

BAO is also a recognized educational center. Here Byurakan International Sum- 
mer Schools 2006-2016 for young astronomers, Byurakan Summer Schools for YSU 
Physics Department students 2005-2013, Byurakan Science Camps 2014-2016 arc reg- 
ularly held. In addition, a number of other educational events were organized in Byu- 
rakan: Astronomical and Mathematical Olympiads, NASA’s Space Applications 
Hackathon in 2016, etc. 

However, BAO is not only a scientific and educational center, in various ways, it 
is also a cultural center for the country, which is the subject of this paper. 


2. BAO architectural ensemble 

BAO is distinguished by its specific and unique architectural ensemble, buildings 
and structures built in the best traditions of Armenian architecture. The outstanding 
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Figure 2. Byurakan Astrophysical Observatory new laboratory building and hotel. 


architect Samvel Safaryan (1902-1969) was the author of the complex started in 1947 
and mainly completed in 1956. Unlike the majority of the world’s observatories, here 
beauty is not sacrificed in the practical application. Safaryan was the founder of the 
functionalism in the Armenian architecture, and BAO complex was maximum adapted 
to the scientific work requirements, still remaining as masterpiece of the Armenian 
architecture. Safaryan, being one of our top architects, designed and built the complex 
of NAS RA, which demonstrates the importance of attitude towards science. Among the 
old (safaryanian) buildings are BAO main administrative building, V. Ambartsumian 
house, hotel, small and medium-sized telescopes towers, BAO employees residential 
building in the inside area, and several other small buildings. 

Still from student years renowned architects in the future Martin Mikayelyan and 
Sargis Gurzadyan had taken part in the design works. The latter became during 1960- 
1980 the chief architect of the second term of the Observatory complex. Among the new 
complex buildings there are the conference hall and the adjacent canteen and shop, new 
laboratory building, the large 2.6m telescope tower, residential buildings built for the 
Observatory workers near the main area, and several other small buildings. 


3. BAO nature: flora and fauna 

Observatory’s unique area is a rich botanical garden (dendropark); about 80 species 
of trees and other plants from around the world that surround scientific laboratories 
and telescope towers. To enrich the garden, Viktor Ambartsumian himself has brought 
seeds of various plants from different countries, which were planted and developed in 
the BAO area. BAO cooperates with the Institute of Botany of the National Academy 
of Sciences, the experts from time to time visit the Observatory, to catalog the trees 
and for advices. Only among the firs there are more than 10 species, including the rare 
silver fir. There are also many fruit trees. 

On the other hand, Armenia is known for its variety of birds. It is known that 
out of 535 species of birds spread in Europe, 349 can be met across Armenia. The 
same is true for the BAO garden. Here you can meet woodpeckers, wrynecks, hoopoes, 
thrushes, starlings, jays (forest magpies), crows, magpies, owls, turtle-doves, calves, 
tits, goldfinches, wagtails, nightingales, sparrows, swallows, chaffinches, pine-finches, 
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Figure 3. Byurakan Astrophysical Observatory garden and territory. 


finches, larks, firecrests, siskins, and sometimes orioles, bullfinches. From other ani- 
mals rabbits, hedgehocks, chipmunks, moles and more can be mentioned. 

It is interesting that several other observatories in the world have followed the 
Byurakan to arrange their territory and garden to create a pleasant environment for the 
work of the scientists and entertainment of the visitors. 


4. BAO as visiting centre 

BAO represents high historical-cultural value and with this serves as one of the most 
popular visiting centres in Armenia and every year attracts dozens of thousands visitors, 
as from Armenia, so as from abroad (Mickaelian 2011; Mickaelian 2015). It is not by 
chance that a visit to the Observatory is included for many years in the program of the 
travels of the Armenian school pupils, and travel agencies almost permanently have in 
their tour packages an offer to visit BAO. 

Viktor Ambartsumian’s house-museum is located at the territory of the Obser- 
vatory, where he lived for 46 years (1950-1996). As a museum, it was created in 1998 
and introduces its visitors the life and work of the great scientist. 

The visitors can see the largest 2.6m telescope and get understanding about its 
work, during longer visits, it is possible to also see the lm Schmidt telescope, and 
in the evening and night time, there may be observations with a dedicated small 30cm 
telescope. 

The famous and unique in the world Markarian spectroscopic survey and its 
diigtized version, which has been included in UNESCO “Memory of the World” 
International Register as a documentary heritage are one of BAOSs important values. 
It is worth mentioning that there are only 10 values from Armenia in UNESCOSs lists, 
and Markarian Survey and DFBS are the only and very rare one representing science. 

The observatory has a a conference hall, where numerous international and lo- 
cal scientific conferences, workshops, seminars, summer schools and other events have 
been held. For small events, Viktor Ambartsumian’s office is used which is main- 
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Figure 4. The Byurakan Astrophysical Observatory largest 2.6m telescope. 


tained by its previous state and is used for meetings of the Scientific Council, solemn 
meetings, seminars, lectures and so on. 

Public Lectures: 

• “Our understanding of the Universe from ancient times to nowadays; develop- 
ment of astronomy”, 

• “Starry Sky: Astronomy and Mythology”, 

• “Astronomer’s tools: telescopes and observatories”, 

• “Byurakan Astrophysical Observatory and its achievements”, 

• “Viktor AmbartsumianSs life and activity”, 

• “Solar System”, 

• “Stars and Nebulae”, 

• “The World of Galaxies”, 

• “Cosmology and Cosmogony”, 

• “The invisible Universe”, 

• “Space Astronomy”, 

• “Virtual Astronomy”, 

• “Extraterrestrial Civilizations and Paleovisitology”, 

• “Armenian Ancient Astronomy”, 

• “Astronomy and Astrology”. 

Astronomical films are presented with the comments of professional astronomers. 
Just at the territory of the observatory there is a hotel which hosts 25-30 visitors. The 
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hotel is built by traditions of the national Armenian architectural style; its architect is 
Samvel Safaryan. The hotel has a kitchen and laundry. The observatory also has a 
cafeteria for its staff and visitors; here there is also possibility to organize events for up 
to 70 people. 

The following visits are organized: 

• Day-time short visit (1.5 hours); the tour includes 2.6m telescope and V.A. Am- 
bartsumian Museum; 

• Day-time long visit (4 hours); the tour includes 2.6m telescope, V.A. Ambart- 
sumian museum and office, lunch, popular lecture or astronomical film; 

• Evening long visit (4 hours); the tour includes popular lecture, dinner, observa- 
tions with small telescopes; 

• 2-day visit; the tour includes acquaintance to BAO, V. A. Ambartsumian museum 
and office, 3-4 popular lectures or astronomical films, 2.6m telescope, observa- 
tions with small telescopes, visit to Byurakan church, accommodation in BAO 
guest-house, meals twice a day. 



Figure 5. The Conference Hall of the Byurakan Astrophysical Observatory. 

The visitors are accompanied by professional astronomers and technical staff. 
BAO offers its visitors the following souvenirs: small amateur telescopes, books, sky 
maps, BAO 2.6 m telescope miniature, cups, calendars, postcards, bookmarks, pens, 
etc. 

It is noteworthy that Byurakan and the Aragatzotn Province are very rich in sight- 
seeing. On the southern slope of Mount Aragatz and the surrounding areas are also 
home for a number of other sights (Amberd Fortress, Tegher Monastery, Lake Kari, 
Arshakuni Kings Cemetery, Mashtots Grave in Oshakan, Hovhanavank, Saghmosa- 
vank and others). These sights make the Observatory even more attractive and BAO 
becomes great option for relaxing and sightseeing tours. For reaching Aragatz peaks 
(the highest is the Northern Peak, 4090m above sea level) climb the most appropriate 
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way also passes through Byurakan, by this way it is possible to drive up to Lake Kari 
(3207m), after which the Southern Peak (3879m) becomes very accessible. 

St. Hovhannes and Artavazik medieval monasteries arc also located at Byurakan 
village. It is more than 1000 years that Catholicos Summer Residence is just above from 
Byurakan village. This region is also home to several other scientific centers: Institute 
of Radio measurements at Orgov village with its unique 54m Radio-Optical Telescope 
(ROT-54, authored by acad. Paris Herouny), Amberd Scientific Station of Yerevan 
Physics Institute and Aragatz Cosmic Ray Station (3250m above sea level) close to 
Lake Aragatz (founded by Alikhanian brothers) and a meteorological station placed at 
the same location. From the point of Scientific Tourism, it is noteworthy to mention 
about the two research institutes: NAS RA Institute for Physical Research and NAS RA 
Institute of Radiophysics & Electronics, and the Park of Armenian Letters that arc also 
located close to Byurakan. Recently in the village of Byurakan, Byurakan Art Academy 
and the Museum of Armenian Folk Festivals were opened. Agarak archaeological site 
is also remarkable. 


5. BAO as the coordinator of cultural astronomy 

In recent decades, considerable attention has been paid for the development of Cultural 
Astronomy, particularly international organizations have been established (ISAAC - 
International Society for Archaeoastronomy and Astronomy in Culture, SEAC - Euro- 
pean Society of Astronomy in Culture, SIAC - Sociedad Interamericana de Astronomia 
Cultural, IAU Commission #41 - Working group “Astronomy and World Heritage”, 
IAU Commission #41 - Working group “Archaeoastronomy and Astronomy in Cul- 
ture”, UNESCO - Subproject “Astronomy and World Heritage”), conferences arc be- 
ing held (Oxford International Symposia on Archaeoastronomy, SEAC Annual Confer- 
ence, SIAC Annual Conference and other meetings) and journals arc being published 
(“Archaeoastronomy: The Journal of Astronomy in Culture”, “Culture and Cosmos”, 
“Journal for the History of Astronomy”, “Journal of Astronomical History and Cul- 
ture”, “Archaeoastronomy and Ancient Technologies”, “Communicating Astronomy 
with the Public”). 

During the recent years, Byurakan Astrophysical Observatory together with Ar- 
menian Astronomical Society organized a number of meetings, where archaeoastron- 
omy was involved, including those completely devoted to this subject. The list of these 
meetings is as follows: 


• Joint European and National Astronomy Meeting (JENAM-2007), Special Ses- 
sion #6: “Archaeoastronomy”, 21 Aug 2007, Yerevan; 

• ArAS VIII Annual Meeting “Astronomy and Society”, Session “Archaeoastron- 
omy”, 7 July 2009, Byurakan; 

• Archaeoastronomy seminal - dedicated to Anania Shirakatsi’s 1400th anniversary, 
13-14 July 2011, Byurakan; 

• Archaeoastronomical meeting “Astronomical Heritage in the National Culture” 
dedicated to Anania Shirakatsi’s 1400th anniversary combined with ArAS XI 
Annual Meeting, 25-26 Sep 2012, Byurakan; 
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• Meeting “Relation of Astronomy to other Sciences, Culture and Society” (RASCS) 
combined with ArAS XIII Annual Meeting, Sessions “Archaeoastronomy” and 
“Astronomy in Culture”, 7-9 Oct 2014, Yerevan; 

• “Cultural Astronomy in Armenian Highland” Meeting for Young Researchers, 
20-23 May 2016, Yerevan. 

By the necessity of the development of this area in Armenia, “Armenian Ar- 
chaeoastronomy and Astronomy in Culture” Council was established in Byurakan (2015). 
The Council aims to organize regular meetings and discussions, research and scientific 
publications, cooperation between NAS RA institutes, Yerevan State University facul- 
ties and Creative Unions, organizing interdisciplinary seminars, local and international 
conferences, as well as the publication of journals, books and other materials. 

Acknowledgements. This work was made possible in paid by a research grant 
from the Armenian National Science and Education Fund (ANSEF) based in New York, 
USA (Grant hist-4704 in 2017). 
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ASTRONOMICAL SOCIETY OF THE PACIFIC 


The Astronomical Society of the Pacific 
is an international, nonprofit, scientific, and 
educational organization. Some 125 years ago, 
on a chilly February evening in San Francisco, 
astronomers from Lick Observatory and mem- 
bers of the Pacific Coast Amateur Photographic 
Association — fresh from viewing the New Year’s 
Day total solar eclipse of 1889 a little to the 
north of the city — met to share pictures and experiences. Edward Holden, Lick’s 
first director, complimented the amateurs on their service to science and pro- 
posed to continue the good fellowship through the founding of a Society “to 
advance the Science of Astronomy, and to diffuse information concerning it.” 
The Astronomical Society of the Pacific (ASP) was born. 

The ASP’s purpose is to increase the understanding and appreciation of 
astronomy by engaging scientists, educators, enthusiasts, and the public to 
advance science and science literacy. The ASP has become the largest general 
astronomy society in the world, with members from over 70 nations. 

The ASP’s professional astronomer members are a key component of the 
Society. Their desire to share with the public the rich rewards of their work 
permits the ASP to act as a bridge, explaining the mysteries of the universe. For 
these members, the ASP publishes the Publications of the Astronomical Society 
of the Pacific (PASP), a well-respected monthly scientific journal. In 1988, Dr. 
Harold McNamara, the PASP editor at the time, founded the ASP Conference 
Series at Brigham Young University. The ASP Conference Series shares recent 
developments in astronomy and astrophysics with the professional astronomy 
community. 


To learn how to join the ASP or to make a donation, please 
visit http://www.astrosociety.org. 
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